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matriculation astronomy. 


introductory mattdr. 


i- What is Astronomy 
branches is it divided, and 
^ach branch ? 


? Into how many 
what is the scope of 



Physical Astronomy is that branch of Astro¬ 
nomy which treats of the causes of the motions 
of heavenly bodies. 


Practical Astronomy is that branch of Astro¬ 
nomy which shows how astronomical observa¬ 
tions are made, what instruments are used, and 
by what calculations the results are deduced. 
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THE EARTH. 

2. Explain the terms Globe, Great Circle, 
Small Circle, Axis, Poles, Equator, Latitude, 
Parallels of Latitude, Meridian, and Longitude* 
Illustrate your arswer by means of a diagram, 

A Globe or Sphere is a solid body with an 
endless surface, every point in which is equidis¬ 
tant from the centre. 

A Great Circle is a circle traced round a globe 
so as to divide it into two equal parts. All other 
circles traced upon a globe so as not to divide it 
into two equal parts are called Small Circles . 

The Axis of the Earth, or Polar Diameter r 
is an imaginary line which passes through its 
centre, and ora which it seems to turn. 

The two extremities of the Earth’s. Axis are 
called the Poles , the one at the north being the 
North Pole, and the other the South Pole. 

The Equator is the great circle drawn round 
the globe at an equal distance from the two 
poles. 

The Latitude of a place is its distance north 
Ot south from the equator. Astronomically, it 
fe the angle made by the direction of gravity at 
that place with the plane of the earth’s equator. 

Parallels of Latitude are circles—not great 
circles—which are drawn parallel to the Equa¬ 
tor, between it and each of the poles. 



A Meridian is a semicircle drawn from the 
North to the South Pole, cutting the Equator 
at right angles- All places on the same meri¬ 
dian have mid-day at the same time. (Eat. 
meridies , midday or noon.) 

Longitude is the distance of a place east or 
west from a given meridian, which is taken as 
the standard of measurement. (Fig 1.) 



3. How are Latitude and Longitude meas¬ 
ured ? 

To measure the latitude of a place (i e. its 
distance north or south from the equator), the 
space between the equator and each pole is 
divided into 90 parts called degrees of latitude 
(marked °). Each degree is subdivided into 
60 minutes ( ; ), and each minute into 60 seconds 
("). Thus Bombay is in latitude 18° 
north of the equator. Again, one degree of 
latitude contains about 69 miles; so that 
Bombay is, roughly speaking, 69x19, i.e. a 
little more than 1,300 miles north of the equator. 
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Ao.V.— Tl ie length of a degree of latitude is not the 
same xn all parts of the earth. Actual measurement has 
shown that it increases towards the poles, the difference 
between the equatorial and polar degrees of latitude being 
nearly three-fourths of a mile. The reason is that the 
earth is not a perfect sphere but an oblate spheroid (see 
«ues. 7), like an orange, flattened at the poles and bulged 
out at the equator. s 


. To me asure longitude each nation takes as 
its standard that meridian which passes through 
or near its capital city. Thus the English 
reckon longitude from the meridian passing 
through Greenwich near London, the French 
through Paris, and so on. The circumference 
of the globe along the equator is divided into 
360° of longitude, each degree being subdivided 
into 60 minutes, and each minute into 60 
seconds. To illustrate:—Greenwich is said to 
be in 0° longitude; Bombay, which is 72° east 
of London, is said to be in 72° east longitude; 
while New York, which is 75° west of London, 
is said to be in 75° west longitude. 

/ Note.—k degree of longitude measures about 69 miles 
at the equator, but gradually decreases in size towards 
the Poles, This can be readily understood with the helo 
of a ball or school-globe, * 

4, What are the* Tropics, and why are they 
so called ? 

The Tropics are two imaginary lines drawn 
round the globe parallel to the equator at a dis¬ 
tance of 23 on each sMe of it. The Northern 
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Z\l S C t ed ' he . Tr °P ic of Cancer, and the 
uthern the Tropic of Capricorn. They form 
the boundary-lines of the Torrid Zone. 

The Tropics are so called because they mark 
the trope or turning-point of the Sun, north 
and south, from the zodiacal signs, Cancer and 
Capricorn. Beyond the Tropics the Sun’s rays » 
are never vertical. (Fig 2) . ' * 






Fig. 2.—The Tropics. 

3. "What are the zones' on the earth ? 

f filuJTtT 7 W th6y ? Name them < and draw 
a figure to illustrate your answer. 

fh The ™”* s are those great divisions into which 

situated between the polar.circles anchhe petal 
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and including the regions within 23£° from 
either pole. (Fig. 3). 



Fig. 3.—Zones. 

6. Give as many proofs as you can of the 
rotundity of the Earth. 

(1.) Ship Proof :—When a ship is moving 
away^from the shore, the lower part, the broad 
massive hull, first disappears; then the rigging 
sinks out of sight; and the slender top-masts 
go last out of view. And when a ship approach¬ 
es, the sails and masts first appear, and the 
hull comes last into view. These things prove 
that the sea bulges out between the observer 
and distant objects; that is, that the sea is 
convex. As this is observed everywhere, it 
follows that the world is not a flat plain, but 
more or less round. 

( 2.) Circumnavigation Proof : —Naviga¬ 
tors have sailed round the world and come 
back to the spot they started from, without 
altering the general direction of their course; 
just as a fly may be seen to walk round an 
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orange and return to the place from which it 
started, without retracing its- steps. 

(3. J Sun-rise Proof-. — When the sun rises, 
it does not give light to all the world at cnee; 
it shines on part only. It rises earlier at any 
place than at another place further west. From 
this it is manifest that the earth is not a flat 
plain, but that it bulges out, or is ro un d, from 
east to west . 

(4.) F ole-star Proof \—The pole-star ap- 
pears higher and higher in the sky the further 
we go north; and sinks towards the horizon the 
further we go south towards the equator. At 
the equator it appears just on the horizon, and 
south of the equator it can never be seen. 
This would not happen if the earth were an 
extended plain, and shows that it is round 
from nortk to south. 

(5.) Shadow Proof -.—Under certain cir¬ 
cumstances, as in eclipses of the moon, the 
shaaow of the Earth may be seen cast out 
behind it in space, and it then presents the 
exact outline that the shadow of a globe must 
bear. 

(6.) Dip-of-the-horizon Proof -.—If a per¬ 
son stands on a vast plain and looks on all 
sides aiound him, or if he does so from the 
deck or mast-head of a ship, or from a balloon 



tugli up in the air, he finds that the plain 
stretched out beneath is bounded by a circular 
outline, the size of the circle varying with his 
height above the level of the sea. This hap¬ 
pens in all parts of the earth, and the fact is 
a proof positive of its rotundity, for no other 
body but a globe would always give a circular 
out-line when viewed from any point without 
it. To illustrate this fact, we may suppose a 
By on or above the surface of an or ang e. 
The fly’s vision will always be bounded by a 
circle of which it is the centre. 

(7.) Proof from analogy .—All the other 
heavenly bodies whose shape can be determin¬ 
ed appear globular; therefore, the earth, being 
like them, must be similar in shape. 

(8.) Experimental Proof-.— If three poles 
be fixed in a straight line on a level plain so 
that they stand at equal heights above the sur¬ 
face, and if a telescope be sighted along the first 
to the third pole, the top of the middle pole will 
be seen higher than the line joining the tops of 
the first and third. This can be explained only 
by the curvature of the earth’s surface. This 
experiment has been made in various parts of 
the earth and the amount of the curve is the 
same everywhere. Hence the earth’s surface 
is a continuous curve, that is, the earth’s form 
is globular. 
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j( (9)- Canal Proof : —It is a law in nature that 
“water finds its own level.” Hence, if the 
earth were flat, a canal would have to be dug of 
the same depth throughout its length. But en¬ 
gineers have experienced that as they approach 
the middle of a canal they are required to dig 
deeper and deeper to keep the water at the 
same level. This shows that the surface of 
the earth is a gentle curve. 


V. Is the Earth a perfect sphere? If not, 
what is its real shape, and how can you account 
tor the formation of that shape ? 

The Earth is not a sphere, for the polar dia¬ 
meter is shorter by about 25 miles than the 
equatorial diameter, the former being about 
7900 miles, the latter about 7925. This differ- 
ence, called the Polar Compression of the earth, 
though _ small in itself, still proves that the 
Earth is not a sphere , but what is called an 
oblate spheroid (an orange-shaped solid), quite 

sensibly flattened at the poles. 

such a shape could have been form- 
od: Geologists, who examine into the 
structure, or physical constitution, of the Earth 
tell us that there was doubtless a time w’ 
ong ago , when the surface of the earth was as 
hot and luminous as the.surfaces of the sun and 
stars are believed to be even now. They tell 
us that the Earth at one time was a ball of 
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liquid matter, which gradually cooled down and 
became solid as we see it now. Now, it is 
plain that if such a ball of liquid matter be spun 
on its axis, the parts towards the middle would 
bulge out, while those near the two ends of the 
axis, i. e the two poles, would be depressed.. 
And this is exactly as we find with the Earth. 

8. What is a spheroid ? When is it called 
oblate, and when prolate ? 

A spheroid is a solid body formed by the 
rotation of an ellipse on one of its .axes; it is 
oblate if it rotates on the minor axis, and 
prolate if it rotates on the major axis. 

9. How is it proved that the earth is an 
oblate spheroid and not a perfect sphere ? 

That the earth is an oblate spheroid and not 
a perfect sphere, is proved by the fact that 
degrees of latitude increase gradually in length 
from the equator to the poles, 

10. What appearance would the Earth pre¬ 
sent in general to a spectator on the Sun’s 
surface ? 

To a spectator on the sun’s surface,—if 
indeed such a one be possible, or if he have 
the power of vision strong enough to see a 
body so comparatively small at the almost 
inconceivable distance of 92 millions of miles. 



—out Eartli would appear, not as a ball that it 
is, but as a flat circular plate of luminous mat* 
ter, just as the sun or moon appears' to us. 

11. Mention all the motions of the Earth, 
and state, without explaining 1 , the various 
natural phenomena, produced by them. 

The Earth is known to have four different 
motions in all: (1) Rotation on its own axis; 
(2) Revolution round the sun; (3) Motion of 
the axis round the pole of the ecliptic called 
“Precession”; and (4) A forward movement 
in space, along with the sun and the other 
planets, towards the Constellation Hercules. 

Consequences of the earth's rotation :—(i) 
The apparent movement of the heavenly 
bodies in an opposite direction, giving rise to 
the alternate succession of Day and Night. 

(ii) Bodies moving from the equator to the 
poles are deviated towards the east, and those 
moving from the poles to the equator are de¬ 
viated to the west. For example, cold cur¬ 
rents of wind coming from the North and 
South Poles to the equator become N. E. and 
S. E. winds respectively. 

(iii\ The spheroidal shape of the earth, 
which is the natural result of the rotation of a 
semifluid mass. 
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(6)... The well-known c Foucault'S pendulum 
experiment’ has proved experimentally that 
the earth rotates on its axis from west to east. 
(See Appendix) . 

13. Explain the terms Celestial Sphere.*. 
Celestial Poles, and Celestial Equator,, 

The Celestial Sphere is that unlimited, hollow 
vault of the sky, which we see above us, and to 
which the stars seem to be attached, like specks 
of gilding upon the inner surface of a dome. 

If the axis of the earth be produced both 
ways to an infinitely great distance,- it will cut 
the celestial sphere in two points, exactly oppo¬ 
site to each other. Around these two points 
the apparent motions of the heavens are per¬ 
formed, and they are therefore called the Celes¬ 
tial Poles; the one facing the north pole of the 
earth is called the North Celestial Foie, the 
other the South Celestial Pole. 

The Celestial Equator is a great circle of the 
celestial sphere, drawn half way between the 
poles (therefore, everywhere 90° from each of 
them), and is the great circle- in which the 
plane of the earth’s equator cuts the celestial 
sphere. It Is often called the c< Equinoctial.,” 

14. Define the terms Zenith and Nadir. 

If the direction of a phimb-lihe (that is r a 
slender thread with a heavy ball attached at 
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one end) be imagined to die extended upward 
to the sky, it will meet the celestial sphere in 
a point directly overhead. This point is called 
the astronomical zenith, or simply the zenith. 

The nadir is the point opposite to the zenith 
in the invisible part of the celestial sphere 
directly underneath. 

15. What as the Celestial Meridian ? What 
are the Cardinal Points ? How many are they ? 
Name them. 

The Celestial .Meridian is the great circle 
which passes through the zenith and the poles. 

The points where the celestial meridian 
cuts the horizon are the north and south points, 
and half way between these two on either side 
are the east and west points respectively. All 
these four are called the Cardinal Points. 

16. Explain in general how to find the 
equinoctial line of the heavens from any place 
on the earth's surface. 

The equinoctial line of the heavens is every¬ 
where equidistant, i.e. 90°, from either pole. 
Hence, it passes through the east point of the 
observer’s horizon, crosses his meridian as 
many degrees north or south of his zenith as 
he is south or north of the terrestrial equator, 
and then passes through the west point of his 
horizon. 
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For example, with regard to Bombay, the 
equinoctial line passes through the east point of 
the horizon, crosses the meridian 19° south of 
the zenith (because Bombay is 19° north of the 
equator), and then passes through the west 
point of the horizon. 

On a clear night the equinoctial line can be 
easily traced across the sky by following the 
course of the middle star of Orion’s belt from 
rising to setting. 

17. Explain the terms Ecliptic, Plane of the 
Ecliptic, and Plane of the Equator. Are these 
two planes one and the same ? If not, what 
is the relation between them, and what physical 
phenomena are due to that relation ? 

If the plane of the earth’s orbit be produced 
infinitely, it will cut the celestial sphere in a 
great circle , known as the Ecliptic, and so called 
because, as was early discovered, eclipses happen 
only when the moon is crossing this circle. 

Note.—The ecliptic must not he confounded with the 
orbit of the earth, which only lies wholly within it some¬ 
where. 

The Plane of the Ecliptic is the plane in which 
the ecliptic, and consequently the earth’s orbit, 
wholly lie. 

Similarly, the Plane of the Equator is the 
plane in which the equator, terrestrial as well 
as celestial, wholly lies. 
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These two planes are not one and the same 2 
They are inclined to each other at an angle* of 
about 23 and cut each other only at two 
opposite points, which are called the ‘equi¬ 
noxes’ or 4 equinoctial points.’ To this incli¬ 
nation of the two planes to each other we owe 
the inequality in our days and nights,, as also 
the four seasons of our year, 

18. Explain clearly why, as v a rule, the days 
and nights are unequal, and shew that in two 
positions of the earth's orbit the days and nights 
are equal all over the globe, and that at the 
equator they are equal throughout the year. 

To understand the causes of the inequality of 
days and nights, four important facts concern¬ 
ing the earth must be bo!rne in mind. First, 
that the earth : is not stationary-, but revolves 
round the sun in a year’s time. Secondly, that 
the plane of the ecliptic is inclined to the plane 
of the equator at an angle of 23.V\ In other 
words, the axis of the earth is not vertical, but 
inclined to the vertical at 23£°. Thirdly, that 
the north pole always points very nearly to the 
same point in the heavens, vis. the North Celes¬ 
tial Pole, close to which is the star known as 
the Pole-star. In other words, 'the axis is 

* The angle between the two planes is constant all 
the 'year round and is termed the Obliquity o t the 
Tk'l iptie. 
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19. Explain the phenomena of the seasons ; 
Or, Explain how the seasons depend upon tha 
difference in the lengths of day and night. 

Autumnal Equinox. 

Sept. 21. 



Vernal Equinox 
March 21. 

Fig. 4.—The Seasons. (Ques. 18 and 19). 

The earth in its annual journey round the sun 
keeps its axis always nearly parallel to itself, 
for the mechanical reason that a body rapidly 
rotating about an axis has a tendency to pre¬ 
serve the direction of that axis, unless disturb¬ 
ed by extraneous forces. 

About the 21st of December, the earth is so 
situated that its south pole is inclined towards 
the sun by about 23i°. The north pole then 
never sees the light of the sun, while the south, 
pole receives sunlight all day long; ana in au. 
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At the equator, however, the day and night 
are always equal, so that in that part of the 
earth there are no seasons in the proper sense 
of the word. (Fig. 4) . 

20. If the plane of the ecliptic coincided 
with the plane of the equator, how would the 
phenomena of day and night and of the seasons 
be affected ? Or, 

What changes would be produced on the 
earth if its axis were to place itself at right 
angles to the plane of ths ecliptic ? 

If the axis of the earth were to place itself 
at right angles to the plane of the ecliptic, then 
the two planes of the equator and the ecliptic 
would coincide, the rays of the sun would 
always be perpendicular to the equator, the 
line between light and darkness would always 
pass through the poles, and all over the earth 
the sun would cross one particular path in the 
sky, attaining the same noon-day elevation 
throughout the year for the same place, 
though different for different latitudes. As a 
result of all this, the day and night would al¬ 
ways and everywhere be equal, and in con¬ 
sequence of that there would be nothing like 
the four seasons of the year, 

21. In what parts of the earth is the sun 
never right overhead, and why? How often 
in a year is the sun vertical at Bombay ? 
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■ ®" tt 3 myS can fal1 Perpendicularly upon 

the earth’s surface only between the t^opL. 
Beyond that they are never perpendicularf not 
even during (vhe heat of summer. This is be¬ 
cause the earth’s axis is inclined to the per- 
pendicukr to the plane of its orbit at an angle 

so tht ,t WayS r6mainS P araJlel to ^self, 
I,.. hi * he st ™S ht J“ e Pining the centre of 
ie earth with the sun always cuts the globe 
within 23^° north or south of the equator, 
which hunts are hence called the torpics. 

Since Bombay is in 19° North Lat., the sun 
is overhead twice a year, about June 5, when 
it passes from the south to the north, and about 

he same day of July when it re-crosses from 
north to south. 

tMvni What , faets s° t0 prove that the earth 
travels round the sun once in a year ? 

The annual journey of the earth round the 
sun has been proved from the apparent motions 
of the sun round the earth. 

(1) . The sun has an apparent motion east- 
ward among the stars which makes it describe 
e circuit of the heavens once in a year. 

In . Spnn £ , the sta rs, which at sunset are 
^ 1U§ " , in th< “. easteni horizon, are different 

from those which are found there in summer 

or winter. 
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(2). As seen by ns in Bombay, the sun, 
starting on the 21st of March, mounts higher 
in the sky each day at noon for three months, 
appears to stand still for a few days at the 
summer solstice (June 21), and then 
descends towards the south, reaching on the 
21 st September the same noon-day elevation 
which it had in March, It keeps on its south¬ 
ward course to the winter solstice (December 
21 ), and then returns to its original height at 
the end of a year on the 21st of March. 

Now these two movements of the sun can 
be explained by supposing either the earth to 
revolve round the sun, or the sun round the 
earth. The former supposition is more conso¬ 
nant with .reason, for, 

(1) . The great size of the sun compared 
with that of the earth renders it easier to sup¬ 
pose the latter moving round the former than 
the contrary; and, 

(2) . Comparing the distance of the earth 
from the sum, and the period of the sunbs 
apparent revolution round the earth, with the 
distances and periods of the planets which 
revolve round the sun, it seems probable that 
the earth is a planet, and is subject to the same 
laws of motion as the others. 
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_Bufe these arc. mere argttmettts, no proofs. 
5 mt th£ earth reail F moves, is absolutely 
demonstrate by two phenomena too minute 
and delicate for observation without the teles- 
eope. One of them is the aberration af H°kt * 
the other the annual parallax of tk e 'firm 

s ar '^-+ i hese can be- explained ouly bv the 
actual matiott af the earth„ 

round Z hat *2® ShapS 0ftiie Orth's path 
sun , How is that shape determined? 

The orbit of the- earth, or its path round the 
sun, is not a circle but an ellipse. It is deter- 
mtned from a comparison of the daily measure¬ 
ments of the sun’s apparent diameter which 
gradually increases from July to January and 
then decreases from January to July, if the 
earth’s path were a circle the suit’s diameter 
would always appear of the same size. These 
•vacations therefore, clearly prove, an elliptical 
mbit with the sun in one of the foci. (See 
fJues. 97) . 

24,. Is the earth's motion in itst orbit a uni- 
form one ? If not, why- not t 

rhe earth’s orbital motion is not uniform, 
because the orbit is not a circle. It moves 
fastest when ft is at per?heliont or nearest to, 

Appendix. JSee Ques. 164. f See ~ 
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tlie sun, and slowest when it is at aphelion* 
or farthest away from it. Between these points 
its speed varies with its distance from the. sun. 
This is in accordance with the Second Law of 
Kepler,! which requires a planet to move 
faster, the nearer it is to the sun, in order to 

overcome the. greater centripetal force at that 
time. 

25. The sun is about three million miles 
nearer the earth in winter than in summer; 
how, then, is the greater heat of summer to be 
accounted for ? 

In cue first place, the statement that “the 
sun is nearer to the earth in winter than in 
summer” is not true, of the whole world, but 
only of the northern hemisphere. Secondly, 
it must be remembered that winter and sum¬ 
mer are caused, not by the nearness, or remote¬ 
ness of the sun, but by the varying position 
of the earth’s axis in different parts of its or¬ 
bit, by the consequent inequality in the lengths 
of day and night, and by the verticalness or 
slant of the sun’s, rays,. 

26. What is the length of the period in 
which the earth finishes one revolution round 
the sun ? 

* See Ques. 99. t See Appendix. ~~ 
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The period in which the earth finishes one 
revolution i*ound the sun is commonly called a 
year . When reckoned with regard to the 
return of either of its poles to the depths of 
Winter, it is 365 days, 5 hours, 48 min., 49*75 
sec. long, and is called a tropical year. 
When reckoned with regard to its return be¬ 
tween the sun and the same star, its length is 
365 days, 6 hours, 9 min., 9*6 sec., and it is 
called a sidereal year . The difference is due 
to the fact that the earth wabbles a little when 
rotating on its axis, just as a top does when 
it begins to lose the force of its first perpen¬ 
dicular spinning. In other words, its axis 
does not always keep the same precise direc¬ 
tion, though it is almost parallel to itself. 

27. Explain clearly why noon at Madras is 
half an hour earlier than at Bombay. 

As the earth rotates on its axis from west to 
east, the sun seems to approach from the east, 
and rises earlier at any one place than at an¬ 
other place further west. Again, since the 
earth finishes one rotation in about 24 hours, 
e v?ery place on its surface is carried in that 
time through four right angles or 360°. This 
gives 15° of longitude for one hour of time. 
Now, as Madras is about 7£° east of Bombay, 
the sun rises half an hour earlier there than 
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with us. Consequently, noon at Madras is 
also earlier than at Bombay by half an hour. 

28. A person travels from Bombay to Cal¬ 
cutta ; state, giving clear reasons for your ans¬ 
wer, whether his watch will appear to have 
gained l oy lost on his arrival at his journeys 
end. 

As Calcutta is to the east of Bombay, the 
sun rises at the former place earlier than at 
the latter, in consequence of the earth’s rota¬ 
tion on its axis from west to east. Thus 
Bombay time is about an hour behind Calcutta 
time. Hence, if a man leaves Bombay for 
Calcutta with a watch set according- to Bombay 
time, he will find that it has apparently lost 
when he comes to his journey’s end. 

29. Explain the apparent paradox contained 
in the following statement:—“ A telegram 
which left Bombay this morning was delivered 
in London yesterday evening.” 

As Bombay is about 72° east of London, the 
sun rises here about five hours earlier than it 
does at London, in consequence of the earth’s 
rotation on its axis from west to east in 24 
hours. Thus Bombay time is about 5 hours 
in advance of London time. Hence if a tele¬ 
graphic message leave Bombay at 1 a.m, and 
if we allow two hours for transit, it will be 
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clehvered m London at 3 «.*». of Bombay time, 
^ atlO^,«.Lo ndon time 0 £ the preceding 

form rile steamer ’ sailin ^ due west at a uni- 

lorn rate, circumnavigates the earth in ro 

fnv S tvI hat WiU be the interval °ftinie between 
y wo successive noons on board the ship ? 

• h^ CkyS * paS “ S thr ° n - h 360°of longitude, 
;,-\ 1 day » 60 ° 

the iS , L °r Say - each day h wiU he 6° more to 
the Mest chan rt was on the preceding day so 

that the sun will be each day later if gj^ 

. e^saine point m the. heavens by 24 minutes" 

,, • 6 '•' 1 hr - : *• = § of J hr. = 24' ) 

therefore the interval of time between any two 

mccessive noons on board the ship will be 24 
his. 24 minutes, 

-JJlj .1” *1® question, what difference 
yonld it make if the steamer were proeeeS 
due east instead ofwest at the sameSTT S 

lu tins case the steamer would, as it were 

™l:T ,h V , “ instead 5 

f L. % £»equenllj, the sun would ^ain 

Z Z%?i at in tht hm fa 24 ««“ 

b" 24 hwrs - T1 >« tie interval of time 

o f sncce ssive noons would be 23 hr* 

36 minutes. ' ,Su ' 
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, J. Tl1 ® e ' aptain of a ship at sea finds the 
local time to be 12 o'clock noon, when his chro¬ 
nometer related by Greenwich time marks 

pla°e ? m " 1S the long>itude of the shi P's 


The difference between the two times is 
6\ hrs., 

The difference in longitude is 15 x 64 i r' 
97| degrees. (1 hr.: 6 >-hrs. : : 15°:.r) ’ 

. Now > as tJie locaI time is behind Greenwich 
tune, the place must be west of Greenwich: 

•. Longitude of the ship’s place i$ 974° W 

33. An Eclipse of one of Jupiter's moons took 
place at 11 a.m. at Greenwich, the phew m mon 
bemj observed at another town at 2 p.m. of its 
local time. Find the longitude of the latter 
place. 


The difference between the two times is 3 
Ill's. 


. '*• The dlfference ill longitude is 15X3, i.e, 
45. (1 hr. :3 lirs:: 15°.- x ). 

Now, as the local time is in advance of 
Greenwich time, the town must be east of 
Greenwich. 

Longitude of the town is 45° E, 
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34. The Time Ball over the Clock Towe: at 
the Bombay Castle continues to drop regular/ 
at 1 p.m. of Colaba mean time, or at 8h. 8m. 
44‘3s. a. m. Greenwich mean time. Determine 
the longitude of Bombay. 

Ans. 72° 48' 55"‘49 E. 

35. The Ball drops at Prince’s Dock at 7h 
51m. 15.7s. corresponding to exactly 3hrs. a.m. 
Greenwich mean time. What is the longitude 
of the Dock ? 

36. Why do ships crossing the meridian 180° 
add a day to their reckoning or subtract one 
from it ? 

When it is midday at Geenwliich it is mid¬ 
night at places on meridian 180°. Now these 
places may be considered to be 12 hours 
before Greenwich time or 12 hours behind it, 
according as they are reckoned in 180° E. or 
180° W. longitude. Hence, if a ship sail from 
London westward by America, on reaching 
meridian 180° the chronometer on board the 
ship will appear to have lost 12 hours, 
whereas in sailing east by the Suez Canal 
12 hours will be apparently gained. This 
difference, in sailing round the world , will 
in each case amount to 24 hours. In the 
first case, if it is Sunday on board the ship 
when it returns to dock, it will be Monday in 
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London; in the second case the Sunday of the 
voyagers is Saturday in London. This 7 differ 
ence :n the calendar is rented by adding 
: % OU reachi ug meridian 180 ° if the shin 

orby ul 

,te 5 ' or , eS , s « , , h h ; E 8r * p, ‘ wi,i 

Earths + the approximate length of the 

S " r a “ a r 0l,laS w 
owin , t0 tte ea & 

IS? 2 f?° " ,ileS ta the 24 "ours CS 
carried rl T’u HeUCS ’ iu one hour he is 
r/ ! r r gh the 24th part of 25,000 miles 
‘’ a IlttIe ® Qr « thau a thousand miles. 

equator?^- (a) *5® exact len ^ th of the Earth’s 
polar diaiete? e reTth <b) ^ 6XaCt length ofit § 
oarth ^£S’£SSr 

( a ) • 7925 % miles. 

■ ' 7899 miles. 

(C) ’ 23 hours > 56 “i-trtes. ua 4*1 seconds. 
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This interval of time is called a sidereal day 
because it is measured off by the stars appeal 

mg to return into the same position m the sk> . 

id) . 365 days, 6 hours, 9 minutes, and 9'6 

seconds. This is called a sidereal year. 

39. What are the Solstices ? How many 
are they ? And why are they called so , 

Careful observation of the sun s daily^path 
in the visible hemisphere of the sky show., that 
it describes arcs of continually mcreasmg sue 
from winter to summer, and of coutmu, y 
diminishing size from summer to wint ■ 
About June 20, the noon-day sun is -3? hi* _ 
er than about March 20, For a few day, it 
appears to describe the same arc m the sky 
and no change is perceptible in its midday 
altitude. This point is called the Sumnu 
Solstice, because the sun appears to stand 
(L. sel. the sun. and sto, I stand). 

Again, about Dec. 21, the sun at noon is 
231-° lower than on the same day of March o 
September, and appears to stand still oime 
more for some days. This point is cafl-d the 
Winter Solstice. 

Thus the difference between the noon-day 
elevations of the sun at the two solstices is 
about 47°* 
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46. Distinguish clearly between the Sidereal 
day and the Natural or_Soiar day. 

The Sidereal day is the interval of time 
Which the earth takes to complete one turn on 
its axis and to return to the same position with 
reference to a fixed star. (L. Sid us, a star) . 
Its length is 23h. 56' 4"'l. 

Natural or Solar day is the interval of 
time which the earth takes to return to the 
same position with reference to the sun. Its 
length is 24 hours on an average* It is longer 
than the sidereal day because the Earth, while 
twisting upon its axis, is also moving on in its 
circular path about the sun. 

Figure 5 shows how any place on the earth’s 
surface requires more time to regain the same 
position with regard to the sun than with 
regard to a fixed star. 

Again, the sidereal day is always of the same 
length, because the earth’s rotation is the most 
regular and uniform occurrence that we know 
of. Whereas the solar day is not always of 
one length, some Solar days being nearly 
half an hour longer than others. This is 
because the Earth moves quicker in some 
parts of its orbit than it does in others. 
(See Ones. 24.) 

3t . 
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T-g. 5.—The Sidereal and the Natural or Solar Day;' 5 ' 

41. Of how many apparent movements of 
the Sun do you know ? Explain briefly the 
causes producing* them. 

We know of four apparent movements of the 
Sun, caused by some real movement of our 
Earth, 

The first is the daily movement of the sun 
in the heavens from east to west, to be 
accounted for by the Earth’s rotating* on its 
axis from west to east. 

The second is the Sun’s continual shifting of 
rising-place between the north-east and south¬ 
east. On the 21st of March (Vernal Equinox) 
the sun rises due east of every place on the 
“earth’s surface. From that day, he rises 
more and more towards the north, till on the 
21st of June (Summer Solstice) he has reach¬ 
ed the utmost north-eastern point. Then he 
begins to return and in three months more, 
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on the 21st of September ( Autumnal Equinox) , 
he lias regained the due east. 

From this day he rises more and more to¬ 
wards the south, until he gains the utmost 
south-eastern point on the 21st of December 
(Winter Solstice), when he turns back and 
reaches the due east again on the 21st of 
March- This second apparent movement of 
the sun is due to the Earth’s revolving round 
Mm in a year. 

The third apparent movement is the Sun’s 
moving from north to south along the meridian 
of a place in the course of a year.. This is in 
consequence of the second apparent movement 
explained above.. 

The fourth and last apparent movement of 
the Sun is his change of place month after 
month among the fixed stars. Beginning on 
21st March with the Constellation Aries {the 
Ram) , he seems to move gradually backwards, 
or to lose, as it were, among what are called 
the 12 Zodiacal Constellations, passing through 
each of them in a month’s time and returning 
to the same place at the end of a year. This 
apparent movement is likewise due to the 
Earth’s revolving round the Sun. 

43. How many apparent motions do you 
know of the .fixed stars ? T o what causes are 
they due ? 
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The fixed stars have four apparent motions 
in the heavens: — 

(1) A daily motion, from east to west, 
caused by the diurnal rotation of the earth 
from west to east, 

( 2 ) A forward movement towards the west, 
by which a star rises every day earlier than it 
did the previous day, thus seeming to com’ 
plete one revolution of the heavens in a year. 
This is due to the revolution of the earth round 
the sun, 

(3) An exceedingly slow movement round 
the poles of the ecliptic, completing a.revolu¬ 
tion in 26,000 years, due to the Precession 
of the Equinoxes. (See Appendix.) 

(4) A closing-up of the stars in one part 
of the heavens, and an opening-out in the 
opposite part, just like the apparent closing-up 
or opening-out of a grove of trees as a traveller 
recedes from it or approaches it. This appa¬ 
rent motion is caused by the real motion of 
the earth along with the sun and other mem¬ 
bers of the solar system towards the Constella¬ 
tion Hercules, (See Ques. 11.) 

44, Shew, in general, that the Altitude of 
the Pole (i. e., its height in degrees above the 
horizon of a place) is always equal to the Lath 
tude of the observer. What is the practical 
use of this fact ? 
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Since the axis of the earth is always directed 
to the same points in the heavens, viz. the 
North and South Celestial Poles, in whatever 
part of its orbit the earth may be, it follows 
that when an observer is at the N. P. (or S. 
P.) of the earth, i.e. in lat. 90°, the N. P. (or 
S. P.) of the heavens is at his zenith, i.e. 90° 
above his horizon; when he is at the equator, 
t.e. in lat. 0°, both poles of the heavens are on 
his horizon, i.e. in altitude 0°. Thus, as he 
travels along the same meridian from either 
pole to the equator through 90° of latitude, the 
pole also descends through 90° of altitude. 
Hence, for any intermediate place, the pole 
stands as many degrees above the horizon as 
the observer is away from the equator on either 
side. In other words, the altitude of the pole 
is always equal to the latitude of the observer, 

A knowledge of this fact is very useful to 
travellers on sea and land to determine in 
what latitude they are, but only at night-time 
and in the northern hemisphere, for there only 
is the Pole-star to mark the position of the N, 
P, of the heavens, there being no star in the 
South Celestial Sphere near enough to mark 
the position of the S, P, of the heavens, 

45, Describe the apparent motions of the 
heavens as seen by a person from the North 
Pole, 
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A person at the N. P, of the earth, if he watch 
the stars for only a few hours of the night, will 
find that, while all their configurations remain 
unchanged, their places in the sky are slowly 
changing. He will find a particular star nearly 
overhead, whatever be the season of the year. 
This, is the Pole-star.* The other stars will, 
all appear to be moving in concentric circles, 
around a point near the Pole-star, in direction, 
contrary to that of the hands of a clock, 
from right to left. Each star will return to 
its original place after. 24 hours nearly. None 
of them will ever be seen to sink below the- 
horizon, nor will any new star ever rise above 
the horizon. 

46. Dsscribe the apparent motions of the 
starry heavens as seen from the S. P. 

The movements of the stars seen from the 
S. P. of the earth are precisely similar to those 
at the N. P., with the only difference that 
they revolve in the same direction as the hands 
of a clock, i.e. from left to right. Also, there 
is no star close enough to the South Celestial 


*The student must be careful not to confound the 
Pole \yith the Pole-star. The pole ia an imaginary point; 
the pole-star is only the nearest star that is seen with 
the • naked -eye. - The distance between , the two . is, at 
present, about , 
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Pole which can be called the South Pole-star, 
just as the star near the North Celestial Pole is 
called the (North) Pole-star. 

47. Describe the apparent motions of the 
heavens as seen from a point on the equator. 

A person at the equator (that is, in lat. sera) 
would every night expect to see the Pole-star 
just on his northern horizon, provided there 
be no rising ground or any other object to 
obstruct his view in that direction. Of the 
other stars, those that rise due east will travel 
in a vertical line, pass right over his head and 
set due west. Those that do not rise due east* 
but nearer the north or the south, will describe 
semi-circles parallel to the vertical from east 
to west, and will set as many degrees away 
from the west as they rose from the east. 
They will remain 12 hours above the horizont 
and 12 hours below it, and the day and nigh 
will always be equal in length. This aspect of 
the heavens is called the Right Sphere , 

But the same stars will not always be found 
in the same place at the same hour. Some 
new stars will be every day coming into view, 
some old ones will be every day disappearing, 
and the whole procession will regain its original 
place only after a year. 
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The equator, therefore, is the only place oil 
the earth’s surface from which sill the stars in 
the heavens are successively exposed to view- 
in a year’s time. 

48. Describe the apparent motions of the 
starry heavens as seen by an observer in 
London. 

To a person in London the Pole-star always 
appears in the meridian line of his sky, about 
52° above the north point of the horizon (be¬ 
cause London is in 52° North Latitude—see 
Ques. 44) and therefore about 38° to the north 
of his zenith. Of the other stars, those that 
are within 5 2° of the Pole-star never sink below 
the horizon, but move in concentric circles 
round it from right to left, i.e ., in the direction 
opposite to that of the hands of a clock. 
These are, therefore, called the constellations 
of “perpetual apparition,”* or “circumpolar 
constellations, ’ ’ The remaining stars, which 
are seen to rise and set once every day, 
describe arcs of circles (called the stars’ diur - 
nal circles) parallel to those along which the 
circumpolar stars are travelling. These stars 

*The constellations of perpetual apparition in the 
latitude of London are—the Great Bear (L- Ursa Major; 
also called the Plough, or Charles’ Wain), the Little Bear 
(L. Ursa Minor), Cassiopeia, Cephens, the Dragon, the 
Camelopard, Perseus, and Auriga. 
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change with the season, owing to the revolu¬ 
tion of the earth round the sun. 

49. Dascribs the apparent motions of the 
starry heavens as seen by us in Bombay. 

(Repeat the answer to the last question, 
changing 52° into 19°, 38° into 71°, and 
adding the following note: — 

There are very few stars visible to the naked 
eye within 19°,of the Pole-star, and consequent¬ 
ly very few circumpolar constellations obser¬ 
vable in Bombay.) 

50. Describe the apparent movements of the 
starry heavens a3 seen by an observer in Aus¬ 
tralia. 

Australia lies between 15° and 40° south of 
the Equator. Let us suppose our observer to 
be at Melbourne in Victoria, 38° South Lati¬ 
tude. Then, as he looks up on a clear night 
towards the south, he will see a number of 
stars moving slowly in circles round a point 
38 above the Southern Horizon. But the 
movement will be, not from right to left as 
seen in England or in India, but from left 
to right, 7.5., in the same direction as that of 
the hands of a watch. These are the Southern 
Circumpolar Stars of “perpetual apparition.” 
The other stars that rise and set will describe 
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circular arcs parallel to the paths of the 
circumpolar stars. 

None of the stars, however, will be seen to 
keep the same position at the same hour on 
successive nights. Every star will appear a 
little more to the west any one night than it 
was the preceding night at the same hour, 
and will not regain the same place at the same 
hour till after a year. 

51. Why do the fixed stars appear to move 
differently in different parts of the earth ? De¬ 
scribe the changes that a man would observe 
in their movements when travelling from the 
North Pole to the equator along the same 
meridian. 

The fixed stars appear to move differently 
in different parts of the earth, because the 
earth is a spherical body rotating upon its 
axis, the extremities of which always point to 
nearly the same points in the heavens. 

A man at the N. P. of the earth always has 
the Pole-star right overhead, and the other 
stars move in circular paths round this star ; 
they never sink below the horizon, nor do any 
new stars ever come above the horizon. (See 
Ques. 45). As he leaves the N. P. and travels 
southward, for every degree he moves, the 
Pole-star falls one degree to the noith point of 
the horizon. Thus, when he comes to the 
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latitude of London (52°), the Pole-star has 
fallen 38° (90° — 52°) below his zenith to the 
north, being 52° above the north cardinal 
point. (See Ques. 44). Of the other stars, 
those that are within 52° of the Pole-star 
describe circular paths entirely above the 
horizon, and are therefore called “Constella¬ 
tions of Perpetual Apparition.” The remain¬ 
ing stars rise and set once in a day and change 
with the season. (See Ques. 48). A similar 
appearance is presented at any other latitude 
north of the equator. At the equator, the 
Pole-star nearly ceases to be seen, being just 
at the north ponit of the horizon ; and all other 
stars describe semi-circles parallel to the arc 
joining the east and west through the zenith. 
(See Ques . 47). 

JSfote .—The equator is the only place on the earth’s 
surface at which all the stars in the heavens successively 
come in sight of an observer in the course of a 3 ? ear. 
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THE MOON. 

52. In whalf relation does the mcon stand 
to the earth ? 

The moon is the constant companion or 
attendant of the earth in its long journey round 
the sun, and is subjected to the force of 
gravitation from the earth, just as the earth is 
from the sun. It is, therefore, called the 
Satellite of the earth. 

53. What is the nature of the path describ¬ 
ed by the moon round the earth ? 

In accordance with the First Law of Kepler 
(see Appendix), the moon moves in an ellip¬ 
tical path round the earth ; but, as the earth 
is moving ronnd the sun at the same time, 
the moon practically describes a very irregular 
wave-like curve in space. (See note on 
Ques. 88 .) 

54. How far distant is the moon from the 
earth ? What is the length of the moon’s 
diameter ? 

The moon is not always at the same dis¬ 
tance from the earth, owing to the ellipticity 
of its orbit ; the mean distance is about 
240,000 miles. The greatest distance is 
251,700 miles. 
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Note .—The point of the moon’s orbit 
nearest the earth is called perigee , that most 
remote is called apogee. (See Ones. 99). 

The diameter of the moon is about 2,000 
miles in length, or one-fourth of the diameter 
of the earth. 

55. What are the Phases of the Moon? 
Explain them with the help of a diagram, and 
describe an experiment to illustrate them. 

The Phases of the Moon are the changes in 
form that the moon runs through in the 
course of a month as seen by the inhabitants 
of the earth. Really , the moon does not 
change. 

The moon is a dark globular body revolving 
round the earth as the earth does' round the 
sun. The rays of the sun fall upon the 
moon as they do upon the earth, and always 
illumine the half facing it. We do not, how¬ 
ever, always see this fully illumined disc, but 
only such portions of it as are turned towards 
us, depending upon the relative situations of the 
earth and the moon. Accordingly,we have 
the following phases in the course of a lunar 
month of about 29^ days: — 
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(a) When the moon is in a line between 
the earth and the sun, the dark side is turned 
entirely towards ns, and the moon is invisible. 
This is “No Moon.” 

(b) A day or two later, when the moon 
gets a little away frpm the line joining the 
earth and the snn, we just see a fine edge of its 
illumined half, and call it u New Moon.” 

(c) For a week the edge goes on increas¬ 
ing and takes the shape of a “Crescent.” 

(d) At the end of a week from the No 
Moon, exactly half of the illumined disc is 
seen, and is called “Half Moon” or “ First 
Quarter.” 

( e ) The half continues to increase for a 
week, during which period it is termed “Gib¬ 
bous.”* 

(/) At the end of the second week from 
the No Moon, we see the whole of the illu¬ 
mined disc and call it “Full Moon.” 

{g) After the Full Moon the illumined disc 
giadually diminishes, becoming first Gibbous 

* “ Gibbous ” means crooked-backed or bunched out. 
One side of the Gibbous moon is more bunched out than 
the other. 
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then half (called “Last Quarter”)then 
crescent, and finally altogether disappearing. 

o 



Fig. 8.—Phases of the Moon. 

Experimental proof :—Paint an ordinary 
ball half black and half white, and fix a pin 
in the centre of the white half. Stand before 
a lamp (not necessarily lighted) placed on a 
table, holding the ball fixed vertically on & 
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needle so that the pin in it faces the lamp.' 
Notice that you see only the dark side of the ball. 
Then slowly turn round on your axis, at the 
same time twisting the needle so that the pin 
m the ball still faces the lamp: Observe that 
a thm line of the white side becomes first 
visible and then goes on increasing until you 
see half of the white when you have moved a 
quarter of a circle round on your axis. Continue 
the movements until you see the whole of 
the white side before you when your back is 
just turned to the lamp. Move on in the 
same way, and the white side will get more 
and more out of sight till you are once more 
facing the lamp with the dark half of the bah 
entirely turned towards you. This is precisely 
what happens with the moon. 

56. What appearance would the Earth pre¬ 
sent to a spectator on the Moon’s surface? 

“The man in the moon,” as he is humo¬ 
rously called,—if such a one be there—would 
not always be able to see the Earth, nor 
always of the same shape when he can. As 
the moon always presents the same face to the 
earth (Ques. 86), an observer on that face would 
always have the earth before him, though 
he cannot always see it, owing to its being 
buried at times in the sun’s dazzling light 



49 


For him the earth would pass through all th& 
Same phases that the moon passes through for 
Us . He would have a New Earth* gradually 
passing through the Crescent* the Half, and 
the Gibbous, to the Full Earth, and back 
again in the reverse order to the New Earth; 
the only difference being that during the period 
that we have the moon waxing from New 
Moon to Full Moon, he would see the Earth 
waning from Full Earth to New Earth, and 
vice versa * Again, the full earth would appear 
to him as a flat, circular plate of great 
brilliancy, being 13 times as large as what 
the full moon appears to us* 

57. Explain the following terms as applied 
to the moon.—Elongation, Conjunction, Oppo* 
sition, Quadrature. 

Elongation is the angular distance of the 
moon east or west of the sun at any time e 

The moon is said to be in Conjunction ? 
when it is in a line between the earth and the 
sun, i.e. at New Moon. The elongation then 
is 0°. 

The moon is said to be in Opposition , wheii 
it is in a line with the earth and the sUii$ 
hut on the side of the earth opposite to the 

4 
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sun, i.e. at Full Moon, 
is 180°. 


The elongation then 


The moon is- said to he in Quadrature, 
w en the straight lines drawn from the moon 
and the sun to the. earth meet at right angles. 

Tins happens at half moon. The elongation 
then is 90 . 


At Conjunction the moon rises- and sets 
with the sun. At Opposition it rises at sunset 
and sets. at sunrise. At Quadrature it is 
either rising or setting when the sun is on 
the meridian. 


58. What is an Eclipse ? 

The term eclipse, from a Greek word mean¬ 
ing “a disappearance,” denotes a phenomenon 
inwhich a heavenly body is shut out from view 
by the interposition of another body, 

59. How is an eclipse of the sun caused ? 

An eclipse of the sun occurs when the moon 
travelling in its orbit comes between the sun 
and the earth so as to cut off all the light-rays 
coming from the former to the latter. 

60. How is an eclipse of the moon caused ? 
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A lunar eclipse, or an eclipse of the moon, 
is due to the interposition of the earth between 
the sun and the moon. The sun is at night 
under our feet at the other side of the earth, 
and the earth throws a long shadow upwards. 
If the moon enters into this shadow, it is 
plain that the sun-light is partly or wholly cut 
off; and, since the moon shines by no light 
of its own, but only by light borrowed from 
the sun, it follows that, when the moon is 
buried in the shadow, all the direct light is 
intercepted, and it must lose its br illi ancy. 

61. Why is it that an eclipse of the sun can 
take place only at new moon, and an eclipse of 
the moon only at full moon ? 

A solar eclipse is due to the interposition 
of the moon between the earth and the sun ; 
at this time the moon’s dark side is necessarily 
turned towards us, that is, it is new moon. 

A lunar eclipse is due to the interposition o 
the earth between the sun and the moon ; at 
this time the moon’s illuminated side is neces- 
sarilly turned towards us, that is, it is full 
moon. 

62 Why do there not occur one solar ar.d 
one lunar eclipse every month ? 



We would have two eclipses every month, 
one solar and onej lunar, if the orbit of the 
moon were in the plane of the ecliptic. As it 
is, however, the moon’s orbit is inclined tc 
the plane of the ecliptic at an angle of 5°, and 
cuts the ecliptic only at two opposite points 
called the nodes. The result is that the moon, 
when in a line with the sun and the earth, is 
often a little higher or a little lower than the 
plane of the ecliptic, thus avoiding an eclipse 
either of the sun or of itself. 

63, Name and explain the different kinds 
Of solar eclipses, 

An eclipse of the sun may be one of three 
kinds ; —it may be total , when the entire disc 
for photosphere) is concealed from view; 
partial , when part only of the disc is concealed 
from view; and annular , when the disc is so 
concealed from view as to leave a ring round 
the edge of the sun visible. 

64. Why is it that we have sometimes a to¬ 
tal, sometimes a partial, and sometimes an am 
nular, eclipse of the sun ? 

As the moon moves round the earth in an 
elliptical orbit, it is at one time nearer to ns 
than at another, Hence, if a solar eclipse hap- 
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pens with the moon nearest to the earth, the 
whole of the sun’s disc will be covered by 
the moon, and we shall have a total eclipse. 
If, however, the moon be so far away from ns 
at the time of a solar eclipse that its disc, 
diminished by distance, is not large enough 
to cover the whole of the sun’s disc, we shall 
have only an annular eclipse. 

But the total or the annular eclipse occurs 
only when the moon is at one of its nodes, z. e ., 
when the sun, the moon and the earth are in 
one straight line. But if the moon happen to 
be a little above or below the line joining the 
earth and the sun, the sun will be covered only 
in part, and that is called a partial eclipse. 

65. Draw diagrams to illustrate a total 
and an annular eclipse of the sun. 



Fig. 10.— Annular Fclipse of the Sun 
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66. Name and explain the different kinds of 
lunar eclipses. Draw a diagram showing a 
total eclipse of the moon. 


M 



Fig. 11.—Total Eclipse of the Moon. 

Lunar eclipses are of two kinds,—total and 
partial; total, when the moon is completely- 
buried in the shadow of the earth ; partial, when 
it goes so far above or below the centre of the 
shadow as to have a portion only of its disc 
obscured. 

67. Why can there not be an annular 
eclipse of the moon like that of the sun ? 

.A.n eclipse of the sun is annular when the 
apparent diameter of the sun as seen from the 
earth is greater than that of the moon. Similar¬ 
ly, in order that a lunar eclipse may be ann ular, 
the actual diameter of the moon must be greater 
than the diameter of the earth’s shadow at the 
place where the moon crosses it. This is im¬ 
possible, since the width of the earth’s shadow 
at that place is over 5,000 miles, whereas the 
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actual diameter of the moon is only 2,000 miles . 
Hence a lunar eclipse can never be annular. 

68. What conditions must concur to 
produce a total solar eclipse ? 

To produce a total solar eclipse, the moou 
must be (1) in conjunction with the sun as 
seen from the earth (i.e. it must be ‘ ‘No 
Moon,” erroneously called “New Moon”); 
(2) exactly at one of its nodes; and (3) in 
perigee, if possible; if not, at least so close to 
the earth as to have its apparent diameter 
greater than, or equal to, the apparent dia¬ 
meter of the sun at the time. 

69. What conditions must concur to produce 
a lunar eclipse ? 

That a lunar eclipse may happen, the moon 
must be (1) in opposition ( z.e. it must be Full 
Moon) ; (2) at, or very near to, one of its 
nodes. 

70. Why do solar eclipses begin only on the 
western limb, and lunar on the eastern ? 

Tike all other planetary bodies the moon 
revolves round the earth from west to east. 
Therefore eclipses of the sun are always seen 
to begin on the western edge of the sun and 
to move towards the eastern, and those of the 
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moon begin on the eastern limb of the moon 
and end on the western. 

71. Describe the phenomena seen during a 
total eclipse of the sun. 

When a total eclipse of the sun is about to 
occur, the sun’s face is slowly obscured until 
only a crescent of light is left. Stars make 
their appearance one by one; in a few moments 
total darkness prevails; the lunar disc is sur¬ 
rounded by a halo or corona; and red flames, 
called prominences, are seen shooting out 
thousands of miles high into the corona. On 
earth, beasts and birds are frightened by the 
unusual sight into their caves and nests; all 
nature prepares for the repose of night. Sud¬ 
denly the darkness disappears, the fright 
gradually ceases, nature wakes up again, 
and in a few minutes more all is tranquil 
as before. 

72* Describe the appearance of the lunar 
disc during the interval when the solar or lunar 
eclipse is total. 

During a total solar eclipse we have the 
dark side of the moon turned towards us, and 
can consequently distinguish nothing on its 
surface. 
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During a total lunar eclipse* one might na¬ 
turally expect the moon to become totally in¬ 
visible ; yet it is a curious fact that it is often 
distinctly visible though buried in the depth 
of the earth’s shadow. It then glows with a 
dull copper-coloured light, which is bright 
enough to render some of the chief marks on 
its surface discernible. This is owing to the 
sun’s light being bent by the earth’s atmos¬ 
phere towards the moon, thus tinging it with 
a ruddy colour. 

T3. Of what astronomical importance is a 
total solar eclipse ? Or, 

"What is the object of sending out an ‘ eclipse 
expedition’ ? 

. A total solar eclipse is of great astronomi¬ 
cal importance in as much as it furnishes oppor¬ 
tunities ( 1 ) for the search of other planets 
too near the sun to be seen at other times, 

( 2 ) for telescopic and spectroscopic observa¬ 
tions of the prominences and corona, and (3) 
for drawings and photographs of these objects. 
Also, the passage of the moon’s edge before 
the brilliant light of the sun’s face gives a 


* In strict accordance with the definition of the term 
eclipse (see Qnes. 5S ) the moon cannot he said to he 
•eclipsed, since it is not concealed but only darkened. 
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cry favourable opportunity for a close exaim ' 
ation of the details of those portions of the 
mar surface. 

74. Of what astronomical importance is an. 
clipse of the moon ? 

During a lunar eclipse the outline of the 
•arth is cast upon the moon, and we are then 
enabled actually to see the shape of our 
)lanet 7 which we can never see otherwise, 

75. What is the duration of eclipses, solar 
md lunar ? 

A total eclipse of the sun, seen from the 
iquator under the most favourable conditions 
>ossible, lasts for nearly 8 minutes,. In higher 
atitudes the time gets proportionately shorter. 

An annular eclipse of the sun may continue 
risible at the equator for about 12 minutes, 

A lunar eclipse, when central , i, e when 
he moon moves along the diameter of the 
arth's shadow, may continue total for about 
\vo hours; when it passes above or below 
the diameter of the shadow, the duration is, of 
course, proportionately shortened. 

76. Why are lunar eclipses seen front a 
greater portion of the earth’s surface than 

lar eclipses % 
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Daring a solar eclipse the shadow of the 
moon falls on a very small part only of the 
earth’s surface, and only from this part can the 
eclipse be seen. During a lunar eclipse, how¬ 
ever, the whole of the dark side of the earth has 
the moon before it, so that the eclipse will be 
visible from more than a hemisphere. 

77. How many eclipses occur in a year ? 
Which are more frequent, solar eclipses or 
lunar, and why ? 

The greatest number of eclipses in a year is 
seven, five solar and two lunar, or three solar 
and four lunar; the least number is two, both 
solar; the most usual number is four, two so¬ 
lar and two lunar. Thus a whole year may 
sometimes pass without a single eclipse of 
the moon. 

Taking the whole earth into account, solar 
eclipses are the more frequent of the two, the 
ratio being nearly as 3: 2. But as regards any 
given place an the earth's surface , a greater 
number of lunar eclipses is seen in a given 
time than solar. The reason is that a solar 
eclipse is only visible over a small portion of 
the earth’s surface; whereas a lunar eclipse is 
visible over considerably more than half the 
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earth. And this more than reverses the 
proportion of solar to lunar eclipses visible at a 
given place. 

78. Is there any kind of regularity notice¬ 
able in the way in which eclipses occur ? 

The eclipses of any one year are materially 
different from those of the years immediately 
preceding; or following. But after 18 years 
and 10 days the same series of eclipses begins 
again, both as regards character, duration 
and interval of occurrence. During one such 
period there occur 41 solar and 29 lunar 
eclipses. The reason is that at the end of the 
period the moon’s nodes are again in the same- 
situation in its orbit, and the moon occupies 
the same place with regard to the sun and the 
earth. 


79. Compare and contrast solar and lunar 
eclipses as regards cause, duration, frequency r 
nature, &e. 


Solar. 

1. solar eclipses 
can occur only at 
conjunction or “no 
moon l r 

2. Solar eclipses 
may be total, partial, 
or annular. 


Lunar . 

1. Lunar eclips¬ 
es can occur 
only at opposition 
or Full Moon. 

2. Lunar eclipses 
may be only total or 
partial, never an¬ 
nular. 
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Solar . 

3. The sun is 
really shut out; from 
view and eclipsed. 


4. Solar eclipses 
are of a very brief 
duration, lasting at 
the most 8 or 12 
minutes. 

5. Solar eclipses 
are seen only from 
a very small part 
of the earth. 

6. Solar eclipses 
always begin on the 
western edge of the 
sun and move to¬ 
wards the eastern. 


7. In the case of 
solar eclipses, when 
one part of the 
earth is seeing the 
sun totally eclipsed, 
other partsmay see 
it more or less' 
partially eclipsed. 


Lunar . 

3. The moon is 
not shut out from 
view, and therefore 
not eclipsed but only 
obscured. 

4. Lunar eclipses 
are of much longer 
duration, lasting as 
long as two hours.* 

5. Lunar eclipses 
are seen from more 
than half the earth. 

6. Lunar eclipses 
always begin on the 
eastern limb of the 
moon and finish off 
on the western. 

7. Lunar eclipses , 
whether total or 
partial, appear the 
same to all parts of 
the earth where they 
are visible. 
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80. What phenomenal changes would take 
place if the orbits of the earth and moon were 
to lie in the same plane ? 

If the orbits of the earth and moon were to 
lie in the same plane, there would be a regular 
succession of solar and lunar eclipses at every 
conjunction and opposition, making a total of 
26 eclipses in a year, none of which, however, 
would be partial. For, at every conjunction the 
moon would get into a straight line between the 
earth and the sun, so as to cover the disc of the 
sun behind its own ; and at every opposition it 
would dip into the earth’s shadow and be 
obscured. 

81. Describe the appearance of the Moon as 
seen (i) with the unaided eye, and (ii) with a 
telescope. What conclusions can be drawn 
from these observations as to the possibility of 
life on the moon ? 

( i ) When looked at with the unaided eye, 
the moon presents a mottled surface some por¬ 
tions of which are darker than others. These 
darker portions, before the age of the telescope, 
were believed to be lunar seas and oceans ; but 
observation since the invention of that useful 
instrument has proved them to be mountains 
lid hills and valleys. 
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{li) In the telescope tlie surface appears 
pitted all over with great craters , very similar 
to the volcanic craters on earth, but of an im¬ 
mensely greater size. In them there is no sign 
whatever of present volcanic activity. There 
appear, also, many deep, narrow, crooked 
valleys, now dry, but believed once to have been 
water-courses and hence called rills. Then 
there are numerous straight clefts, hundreds 
of miles long and about half a mile wide. 
Telescopic observation has further shewn the 
total absence of air and of water, and therefore 
also of clouds, of storms, of snow, and of 
vegetation, on the surface of our satellite. 

Hence, it would not be difficult to believe 
that the moon is entirely destitute of animal or 
vegetable life such as exists on our earth, since 
it is wanting in the two most essential 
supporters of such life, viz. air and water. 

82. To what conclusion are we led re¬ 
garding the earth from telescopic observations 
of the moon’s surface ? 

The numerous craters on the moon’s surface 
have shown no sign of activity since observa¬ 
tion with the telescope first began. They are 
believed to be the remains of volcanoes that 
were once as active as any now on earth. But 
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the moon, being a body much smaller than the 
earth, has lost its internal heat much sooner. 
The earth, in consequence of its much greater 
'size, is cooling more slowly. The volcanic 
eruptions now are probably not so furious as 
they were some thousand years ago. Hence 
it is argued that the time will at last come 
when the earth shall have parted with so much 
of its heat that it will no longer be able to pro¬ 
vide volcanic phenomena, and then we shall 
pass into the quiescent stage which the moon 
•attained long ago. 

83. How can it be proved that the moon has 
neither water nor atmospheric air ? 

That the moon has no atmosphere is proved 
(1) by the telescope, and (2) by the absence 
of refraction when the moon comes between 
any more distant object., as the sun or a star, 
and ourselves. 

(1) The telescope shows no distortion of 
•surface, no haze, no twilight, no cloud, no 
sign of storm or of any other phenomena 
caused by the atmosphere of the earth, 

(2) The sun’s limb remains perfectly clear 
and even during a solar eclipse. Moreover, 
when a star, even the bxightest one, comes in a 
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line with the moon, the occultation and the re¬ 
appearance are always instantaneous. Neither 
of these facts would happen if the moon had 
an atmosphere of even a slight density, which 
would cause the star to dwindle down in 
brightness before the opaque body of the moon 
had advanced far enough to shut it out. 

That there is no water on the moon is suffi¬ 
ciently proved by the absence of atmospheric 
air and of clouds. 

84. Why does the moon come every day 
later to the meridian of a given place ? Or, 

Explain why the moon keeps on losing on the • 
sun. 

In 24 hours the earth finishes one rotation 
and returns to the same position with regard 
to the sun; but in the meantime the moon has 
advanced so far in its path round the earth, 
that the latter has to continue its rotation 50 
minutes longer before the moon can once again 
reach the meridian of the given place. ~~ 

In other words, the moon’s apparent motion 
in the heavens is 27 times slower than its appa¬ 
rent motion in the sky*; consequently, the 
former simply appears as a sort of lagging back 
during the diurnal movement. 

* For the distinction between sky and heavens, see note 
on Ques. 88. 
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The result is that the moon returns to the 
meridian of a place not in a solar day of about 
24 hours, but in about 24 hours and 50 minutes.. 

85. How many times* does the moon tunr 
on its axis in a year ? 

In the course of a year the moon makes 13 
complete rotations and about a third of a 14tlr 
rotation on its axis, because it turns once 
round in about 27^ days^ which number when* 
dividing 365 gives about 13-J as quotient. 

86. Why does the moon always present the 
same half of its: surface to the earth ? Describe 
experiments to illustrate your answer. 

As the moon goes round the earth, at the 
same time it slowly turns on its own axis , the 
peculiarity being that the times of one revo¬ 
lution and one rotation are very nearly the same. 
Its day and night are,-therefore, each about f a 
fortnight long,, and in the long run it always 
presents the same side to the earth.* 

* Really, tKe moon shows much more than half its surface- 
at one time or another. About 41 per cent, of it is always, 
visible, 41 per cent, always invisible, and the remaining 
18 per cent, alternately visible and invisible. The reason 
is-that the times of rotation and revolution are not exactly 
the same; the former is a fixed period, the latter varies a. 
little. Besides, the moon’s axis is slightly inclined to the. 
plane of its orbit, so that sometimes one pole, sometimes- 
the other, comes a little more in view. This appearance of 
a little more than half of its surface now on this side, now. 
©a that, is called the moon’s <l lyibration. ’V 
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Experiments: ( i ) Suppose a man to take 
hold of a lamp-post fixed in the ground, with 
both hands, and to go round and round it, 
always keeping his eyes on the post. He 
would in a short time get giddy,—"thus prov¬ 
ing to himself that he has both rotated'on his 
own axis as it were, and revolved round the 
lamp-post in exactly the same time. 

( ii ) Place a ball on a table in the middle 
of the room to represent the earth. Tie one 
end of a string to a nail in one of the four wall s 
about four feet from the floor. Stand facing 
the ball and the nail, and tie the other end of the 
String to the highest button : of your coat. Now 
walk round the table, always keeping your face 
towards the ball. When you return to the 
place from which you started, you will find 
that the string has coiled once round your 
body. This shows that while revolving round 
the table you have inadvertantly rotated on 
your axis too. 

87. What reason have we to say that the 
moon performs its rotation and revolution in 
the same period ? Illustrate your answer by 
experiments. 


That the moon performs its rotation and 
revolution in the same period is proved from 
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file fact that it always presents the same half, or 
nearly the same half, of its surface to the earth. 

Experiments :—Same as in the last question. 

88. How many apparent motions has the 
moon, and how many real ? 

The moon has.two apparent motions, one in 
the sky, the other in the heavens.f The former 
is due to the earth’s, diurnal rotation, and 
therefore seems to lie towards the. west. 
The latter is caused by the moon’s revolution 
round the earth, and therefore appears in its 
real direction, 27 /a., towards the east. 

The real motions of the moon are :— 

(1) . The monthly revolution round the 
earth.* 

(2) , An annual revolution round the Sim 
as the satellite of the. earth .* 

t Astronomers make a distinction between the terms 
Sky and Heavens , which are popularly regarded as syno¬ 
nymous. By “the sky •” is- understood that imaginary 
surface along which the heavenly bodies seem to move,, 
whereas “the heavens ”is a term used to express- the 
numerous shining bodies themselves. 

*The combined effect of these two revolutions (round 
the earth and round the sun) is, that the motion of the. 
moon is a very complicated one, for it is actually moving 
round a body which itself is in constant motion. Hence 
the moon describes round the heavens a continuous spiral 
line which returns into the same course only after IS. 
years... (See Ques. 53) 
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(3) . A forward movement in space towards 
the constellation Hercules, as a member of the 
Solar System. 

(4) . A rotation upon its own axis., com¬ 
pleted in very nearly the same time as that 
occupied by its revolution round the earth. 

89. Why does the moon appear sometimes 
very high and sometimes very low in the sky ? 

The plane of the moon’s orbit makes an 
angle of nearly 29° with the plane of the 
equinoctial circle of the heavens. Conse¬ 
quently, the moon gets sometimes 29° above 
<and sometimes 29° below the equinoctial, so 
that there is a difference of no fewer than 58° 
between the highest and lowest points that the 
moon can reach in the sky. 

90. What are the “ horns ” of the moon ? 
What determines their direction ? 

The cusps , or points of the crescent, are 
popularly called the “horns” of the moon. 
They are always turned away from the sun and 
equidistant from him, since the illuminated 
convex curve must face the sun, and the 
concave curve between the horns is the 
“terminator” or the line separating the dark 
half from the bright. 
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91. What do you understand by “ the old 
moon lying in the arms of the new ” ? How do 
you account for that phenomenon ? 

Two or three days before or after the new 
moon, the whole of the moon is visible, the 
illuminated crescent being, of course, brighter 
than the rest of the disc which shines with a 
pale reddish light. This is popularly known 
as ‘ ‘ the old moon lying in the arms of the 
new. ” The pale reddish light is not directly 
from the sun, but is sunlight reflected back 
from the earth, which, as seen from the moon, 
is then nearly full, and shines with a light 
about 15 times as strong as the light of the 
full moon. 

92. Explain the phenomenon of the Harvest 
Moon. 

Though the moon arrives at the meridian of 
a place about 50 minutes later every day, yet 
it sometimes happens that it rises irom the 
horizon at almost the same hour on successive 
nights. The reason is that at these rimes its 
oblique motion, caused by its lagging back in 
the heavens, lies in a- course nearly parallel to- 
the plane of the horizon. This phenomenon 
occurs once every lunation, hut is most conspi¬ 
cuous at the time of harvest in September, anti 
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is called the Harvest Moon,' since the moon 
(then rises every night at the same hour as if 
for the express purpose of assisting in the 
work of harvesting. 

93. Does the moon exert any influence on 
.the earth ? If yes, mention, without explaining, 
.of what nature it is. 

Popular superstition attributes many changes 
in the weather and conditions of life on earth 
to the influence of the Moon. Science recog¬ 
nises only two,-first, the tides in the ocean, 
•and secondly, certain disturbances in terrestri¬ 
al magnetism when the moon comes to the 
perigee or apogee. 
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THE PLANETS. 



95. Of what does the Solar System consist, 
and why is it so called ? 

The Solar System , from L. sol , the sun, is 
the name given to a. certain group, or system, 
of heavenly bodies which are influenced by 
the. sun as the central power. The System 
consists of: — 

(1) Eight large Planets , called the Pri¬ 
mary Planets, because they revolve round the 
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suu as their centre of attraction. Their names, 
in the order of distance from the Sun, are 
Mercury, Venus, the t Earth, Mars, Jupiter, 
Saturn, Uranus, and Neptune. 

(2) About twenty Secondary Planets ,other¬ 
wise called Satellites or Moons, attendant upon 
the larger or Primary Planets. 

(3) About 400 Minor Planets , otherwise 
called Planetoids or Asteroids, revolving round 
the Sun between the orbits of Mars & Jupiter. 

(4) Meteoric Bodies , which at times ap¬ 
proach near the Earth’s orbit, and occasionally 
reach the Earth’s surface. 

(5) Ccmets , which are probably white-hot 
masses of gas, which rush towards the Sun, 
go round him, and then rush away again, 

(6 ) The Zodiacal* Lights a faint beam of 
light stretching from the sun both ways along 
the ecliptic through the constellations of the 
Zodiac (whence the name ) and clearly visible 

* The student must be careful not to confound the 
Zodiacal Tight with twilight, which is only sunlight re¬ 
flected from the upper portions of the earth’s atmosphere 
after the sun has set, and which lasts until stars of the 
sixth magnitude become visible. The duration of twi¬ 
light varies from half an hour to two hours according to 
latitude. 
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across the shy in the evening after the twilight 
has faded, or in the morning before the dawn 
appears. Though its true nature and position 
in the system have not yet been determined, it 
is supposed to be sunlight reflected by a vast 
swarm of meteorites revolving round the sun. < 

96.What is a Planet ? Mention particulars in 
which stars differ from planets. How do you 
distinguish between stars and planets at night? 

A planet is a dark or non-self-luminous body 
travelling round the sun and shining by his 
light. The name planet, or ‘wandering star ’ 
was given to such bodies to distinguish them 
from the so-called ‘fixed stars.’ The word 
comes from the Greek plcinetes , a wanderer. 

Planets differ from stars in the following 
particulars: — 

(1.) Planets are 
dark bodies, shining 
■by light borrowed 
from the sun. 

(2.) Planets tra¬ 
vel round the sun., 
and continually 
change their position 
with regard to the sun 
and the stars. 


(1.) Stars are 
self-luminous bodies, 
like the sun itself. 

(2.) Stars do not 
move or change their 
position with regard 
to the sun or to 
another. 
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(3.) Planets, 
•when seen through 
the telescope, present 
a flat, circular disc to 
the eye,—at least 
those that are near 
enough to be seen. 


Stars are 
thus: — 

(1.) Stars always 
twinkle. 

(2.) Stars do not 
change place with 
regard to one another, 
though they seem 
to move in a body 
owing to the Earth’s 
rotation. 


(3.) Stars merely 
look like little points 
in a telescope; even 
the most powerful 
instruments will only 
make them look 
brighter, but will 
never show them with 
perceptible discs. 
This is probably dire 
to their immense 
distances from us. 


(1.) Planets shine 
with a steady bril¬ 
liant glow. 

(2.) Planets, be¬ 
sides seeming to move 
owing to the Earth’s 
rotation, do at the 
same time change 
place among the 
stars. This change 
of place becomes 
easily perceptible in 
a careful observation 
of a planet for a few 
nights in succession. 


distinguished from Planets at night, 
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circumference to two fixed points within, called 
the foci , is always the same. 

To construct an ellipse, fix two pins in a 
drawing board. Tie a loop of string a little 
longer than the distance between the pins. 
Place the loop on the pins and stretch it by 
means of a pencil. Keep the pencil in the 
loop and move it round, so that a curve will 
be traced similar to that shown in Fig. 14 . 

The greatest diameter of the ellipse is the 
major axis, and the least diameter is the minor 
axis. The point of intersection of these two 
axes is called the centre of the ellipse. 

The Eccentricity of an Ellipse is the distance 
between the centre and one of the foci ex¬ 
pressed in terms of the semi-major axis. 



Fig. 15. 

Note—If a cone Is cut across obliquely by a plane, 
the section is an ellipse. 

99. When is a planet said to be in aphelion 
and when in perihelion ? 
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A planet is said to be m aphelion when it is 
in that part of its orbit which is farthest away 
from the sun; (Gr. apo , from; helios , the sun). 
It is said to be m perihelion r when it is nearest 
to the sun (Gr. pen ,. near helios., the sun). 
(See Ques. 54). 

100. Into what groups are planets divided ? 

Planets are divided into two groups according 
as they revolve within or without the orbit 
of the Earth. Mercury and Venus, which are 
within the orbit of the Earth, are called 
Inferior or InteriorPlanets; Mars, Jupiter, 
Saturn, Uranus, and Neptune, which are all 
without the orbit of the Earth, are called 
Superior or Exterior Planets. 

Humboldt has classified the planets in two 
groups,—the terrestrial planets , as he calls- 
them, and the major planets. The terrestrial 
group contains the four planets nearest the sun, 
viz., Mercury, Venus, the Earth, and Mars, 
The four others-, Jupiter, Saturn, Uranus, and 
Neptune form the other group,—the Major 
Planets. (For points of difference between 
the two groups, See Ques. 108). 

101. Define (i) Conjunction and Opposition 
of a planet, (ii) Inferior and Superior Conjunc¬ 
tions of a planet, (iii) Elongation of a planet 
from the sun, and (iv) Quadrature of a planet. 
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(i) When a planet and the sun are m the 
same general line of vision as seen from the 
earth, so that they perform their diurnal revo¬ 
lution round the earth together, the planet is 
said to be in Conjunction . 

When a planet is on the opposite side of the 
earth to the sun, so that it rises at sunset and 
sets at sunrise, it is said to be in Opposition .. 

Thus, as will be seen from Fig.. 16, an 
Inferior Planet will twice get into conjunction 
during each revolution round the sun, but 
never into opposition; a Superior Planet only 
once in conjunction, and once in opposition.. 

(ii) Of the two conjunctions of an Inferior 
Planet, the one in which the. planet is be¬ 
tween the Earth and the Sun is called In ferior 
Conjunction*, the other, in which the Sun is 
between the Earth and the Planet, is called. 
Superior Conjitnction . 



£ Big,. 16.—Conju’iictioii. and 
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s J {i l T he Ration of a planet from the 
• is the angle between the two straight 
nes drawn from the centre of the eart/to 
ie centres oi the planet and the sun. I n 
the case of Mercury the greatest elongation 
east or west, is 29°; for Venus, it £ 47° 
-or a superior planet, the elongation mav 
between °° and 180°. (See 

.. ^ 1V } Quadrature occurs when the elonp-a- 
tron of a planet from the sun is 90° Henfe 
the Interior Planets, Mercury and Venus can 

never hern Quadrature. 

° f 

The mean distances of the several planets 
rom the sun are as follows, though at times 
they are much nearer to or farther away from' 

1. m owing to the eccentricity of their Jits : 
Mercurv 


Mercury 
Venus 
The Earth 
Mars 
J upiter 
Saturn 
Uranus 
Neptune . 


36 millions of miles 
67 


x * 

3 

' I 
. 1 

H 
5 

n 

19 

m ^ .--- -- _ ••• 3 0 


93 
142 
483 
8 86 
1,800 
2,800 


y y 
y) 
y y 
y y 
y y 
yy 
y y 
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103. ' Give the Rotation Periods and Periodic 
times of the eight principal planets. 


Planet - 

Rotation Period .* 

Periodic Time,4 

Mercury 

24 hours.J 

88 days 

Venus 

23| ,, t 

225 days.- 

The Earth 

24 „ 

1 Year. , 

Mars 

24 j „ 

1 yr.ll in tbs' 

Jupiter 

10 „■ 

12 yrs. 

Saturn 

10 i „ 

30 „ 

Uranus 

n „ 

85 „ 

Neptune 


164 „ 

j 

104. Distinguish c’earl 

■7 W ween a 


planet’s sidereal and syndic periods. Which 

* Observe that the first four planets have nearly the 
same rotation period, as also have the next three. 

f For the relation of periodic times and mean distance 
from the sun, see Kepler’s third law, Appendix. 

t A doubt has been' raised as to the correctness'of these 
two figures since the observations published by Schiapa¬ 
relli, an Italian astronomer, who lately tried to prove that 
these two planets have the same length of rotation periods 
as their respective periodic times, viz., 38 days and 225 
davs, (See Quesv 110). 

6 




of the two is meant when we ordinarily speafe 
of the periodic time of a planet ? 

^The sidereal period of a planet is its time of re¬ 
volution round the'sun, from a star to the same: 
star again, as seen from the sun. The synodic 
period is the time between two successive' 
conjunctions ( or oppositions ) of the planet 
with the sun, as seen from the earth. The 
rimes given in the second column of Ques. 
103 are sidereal periods and are generally 
referred to as periodic times. 

105. How are astronomers able to deter¬ 
mine the length of a planet’s day ? 

When a planet is seen in the telescope, it. 
does not present a uniformly bright disc, but 
there appear marks or spots upon it here and. 
there . One of these, spots which happens to 
be distinct, and well-defined is selected by the. 
astronomer for observation. As it is watched 
from hour to hour, it appears to be. slowly 
moving along the disc in a straight or curved 
line. When it comes to the edge of the disc,, 
it disappears for a time and then makes its 
appearance, again on the other side of the disc r 
as if during the period of its disappearance it 
had been moving on the. side of the planet 
turned away from us. Then it moves on to- 
the point where it was when first selected for 
observation. The time it took to complete- 
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• s allowed to 


•one such. journey is noted, arid 1 &Tl d a third, 
start again on a second journey > aJ . e watched 
•and so on. Similarly, other sp°, tS e g taken by 
•at other times; and when the ti& found to 
ah of them for a single journey spots are 

be the same, it is concluded tha ^ the planet 
not moving but fixed in the body ffl to move, 
whose axial rotation made thena $ iegle jour- 
Hence, the time determined f° r rotation 

ney of the spots is laid down. flS 142) . 
period of the planet. (See Q ue5 ' ^ ttended by 

106. Which of the planets ^ 
satellites ? How many has e&P* 3, 

plane* 


Planet 
Mercury 
Venus 
The Earth 
Mars 


Satellites . 
0 
0 

1 

2 


Jupiter 

Saturn 

Uranus 

^eptn^- e 


Satellites . 
7 
10 
4 

1 


^ ars 2 I xsepLL r jxnary and 

107. Distinguish between th^ 
secondary planets. ht k 

+.li e e .« . 

The Primary "Planets are giro as their 
planets which revolve round th e 
centre of attraction. g ^hich, like 

The Secondary Planets are planet as 

our moon, revolve round a p rllXl ^ 
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centre of attraction, independent of the revolu¬ 
tion of the latter round the sun. They are 
otherwise known as Satellites. 

108. In what particulars do the terrestrial 
planets differ from the major planets ? 

(1) . The terrestrial planets are very small 
'bodies compared with those of the major 
group, and have a comparatively small num¬ 
ber of satellites revolving rouud them. 

(2) . The matter of which they are com¬ 
posed is dense compared with the matter of 
the major planets. 

(3) . They rotate upon their respective 
axes more slowly than the major planets. 

(4) , When seen through the telescope the 
■terrestrial planets look brighter at the limb 
(i. e. at the circular edge) than at the centre ; 
the reverse is the case with the major planets. 

(5) . The terrestrial planets are compara¬ 
tively free from the thick layers of clouds with 
Which the major planets are enveloped. 

(6) . It is also very probable that the major 
planets are at a high temperature and emit a 
pertain amount of light of their own. 
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109. Mercury is exceptional in the solar 
system in various ways. Mention these ways. 

(1) . It is the nearest planet to the sun, 
and therefore ?'eceives the most light and heat , 
and is the szzriftest in its movement . 

(2) . It has the most eccentric orbit , with 
the greatest inclination to the ecliptic . 

(3) . It is the smallest in diameter , and 
therefore has the least mass , but ( probably ) 
it has the greatest density of all the planets. 

110. Inscribe the appearance of Mercury 
as seen through a telescope. 

As seen through the telescope, Mercury 
looks like a little moon, showing phases 
precisely similar to those of our satellite, with 
this difference that, whilst our Moon always 
keeps nearly the same apparent size, Mercury 
shows a change not only of shape but also of 
size. At inferior conjunction the dark side is 
towards us ; at superior conjunction, the 
illuminated surface : these are new Mercury 
and full Mercury respectively. Between these 
two the planet shows the crescent, the half, 
and the gibbous phases as does our moon. 

The surface of the planet presents very 
little of interest. It is brighter at the edge 
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than at the centre, but there are no mark¬ 
ings clear enough to give us sufficient infor¬ 
mation as to its geography or even its rotation. 

Certain permanent markings upon the sur¬ 
face of Mercury were discovered in 1889 by 
an Italian astronomer who in consequence 
announced that he had ascertained that the 
planet completed one rotation on its axis in 
the same time as one revolution round the 
sun, viz ., 88 days ; in other words, it kept 
the same face always turned towards the sun 
just as the moon does towards the earth. This 
discovery, however, has not been confirmed 
by other astronomers, owing to the great diffi¬ 
culty in making the necessary observations. 
{See note on Ques. 103). 

111. Mercury can never be overhead at 
midnight: why not ? "What are the times for 
the watching of Mercury ? 

At midnight the sun is exactly below our 
feet, so that the earth comes between the sun 
and a body right overhead. But Mercury 
being an Inferior Planet, it is impossible for 
the earth to get between that planet and the 
.sun. Hence, Mercury can never be overhead 
at midnight. 
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Mercury, being the nearest planet to the 
sun, is always found in close attendance on 
him, so that it can be seen only low down in 
the west just after sunset, or low down in the 
east just before sunrise. And even then it 
cannot always be seen, as it is buried in the 
dazzling sun-light for the greater part of the 
year. It only gives a glimpse every now and 
then, and disappears as swiftly as it comes in 
view. Hence, we must be always on the 
look-out if we want to see the little planet, 
sweeping with our telescope the eastern or 
the western horizon in the mornings or 
evenings. 

Note. If seen after sunset, it cannot, of course, be 
seen before sunrise tbe next morning’, 

112. Describe the appearance of Venus 
as seen through a telescope. 

The telescopic appearance of Venus is strik - 
mg ou account of her great brilliancy ; but it 
is at the same time exceedingly unsatisfactory 
because she presents no distinct surface-mark¬ 
ings,—nothing but occasional darkish sha¬ 
dings, which may possibly be continents-and 



88 


oceans, or simply breaks in clouds, through 
which the planet itself is seen. 



17. Phases of Venus, showing change 
of shape 013 I 57 . 

Like our moon-and Mercury, Venus, too, 
shows different phases when seen through 
the telescope ; but, like Mercury and unlike 
our moon, she changes- her size too, with 
change of phase When she is nearest to us, 
near her inferior conjunction, she is 
only 25* millions of m iles from us ; when 

* Distance of Earth from the Sun is 9 2± millions of 
miles; distance of Venus from the sun is 67J millions of 
miles; distance of Venus from the Earth is 921 — 671 
= 25 millions of miles, 2 ~ 
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she is farthest away from us, i. e., near her 
superior conjunction, she is 160f millions 
of miles from us. Hence, the cres¬ 
cent of Venus will appear to form part of a 
circle 6 times as large as that presented by 
Venus when she is full to us. Hence, also, 
the crescent of Venus is much more brilliant 
than full Venus, because the gain of brilliancy 
from the diminution of distance more than 
compensates for the small part of the illu* 
minated side then turned towards us. 

113. Of what astronomical importance are 
telescopic views of Mercury and Venus ? 

Telescopic views of Mercury and Venus 
afford important evidence about the rotation 
and revolution of the Earth, and thereby 
prove the truth of the Copemican system as 
against the Ptolemaic.I 

114. When is Venus the Morning and when 
the Evening Star ? 

When'Venus is to the west of the sun as 
seen from the^arth, she rises before the sun 
and is called the Morning Star, or Lucifer 
(£. e. light-bearer.) When she is to the east 
of the s un as seen from the earth, she sets 

t 9 2 J> + 671;= 160 millions of miles, 
t See. Appendix, 
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after him, and is called the Evening Star or 
Hesperus, 

115, How long does Venus continue as 
Morning Star, and how long as Evening Star ? 

If the Earth were stationary and Venus only 
were moving round the Sun, then she would 
be the morning star one half of her year (t, e . 
112 days), and the evening star the other 
half. But as the earth also moves round the 
sun in the same direction as Venus, the rela¬ 
tive motion of the latter, in respect to the 
earth, is much slower than her absolute mo¬ 
tion in her orbit. Hence, she is the morning 
star for nearly 290 days, and evening star for 
290 days, thus taking a year and seven 
months to run through her changes. 

119. Explain fully, with the help of a 
diagram, how Venus appears alternately as 
the Morning and the Evening Star. 

When Venus is in Sup. Conj., she cannot 
be seen for a few days, as she rises and 
sets with the sun. After this time she falls 
to the east of the sun and sets after him, and 
is then called the Evening Star. Every day 
she recedes further from the sun eastward, 
till she reaches her Greatest Eastern .Elonga¬ 
tion, which is about 47°. At this point her 
direct or eastern motion slackens, the sun 
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begins to gain upon her, and she appears 
stationary as regards her motion among the 
stais. Then she begins to retrograde until 
she is so near the sun again as to be 
lost in his dazzling light. She is now in 
her Inferior Conjunction. When next she 
comes in view, it is not on the western 
horizon but on the eastern as Lucifer or 
the Morning Star. From this day she con¬ 
tinually increases her distance from the sun, 
till she reaches her Greatest Western Elonga¬ 
tion. Here she begins to retreat and comes 
nearer to the sun every day, till once more 
she is in the place from which she started, 
viz M Sup. Conj., when for a few days she 
remains invisible. She takes a year and seven 
months to run through the whole of this 
course, which is termed her synodic period. 



Fig. 18.—Venus as Morning and as Evening Star. 

Note .—The motion of Mercury with regard to the 
sun is precisely suniUr to that of Venus, its greatest 
elongation being about 29°. 
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117. What is meant by a Transit of Venus ? 
Of what duration is it ? And at what intervals 
do such transits occur ? 

When Venus is at inferior conjunction it 
sometimes* happens that she comes in a right 
line between the earth and the sun. She is 
then visible even to the naked eye as a black 
spot on the disc of the sun, crossing it from 
east to west. This phenomenon is called a 
“Transitof Venus,” t e., a passing of Venus 
across the sun’s surface. 

A transit, if central,! lasts about 8 hours ; 
when non-central, the time varies with the 
track pursued. 

A transit of Venus, however, is a very rare 
occurrence; the last took place in 1882, the 
next will not be till the year 2004 a.d. The 
periods of recurrence can be seen from the 
following dates of their past and future occur¬ 
rence : — 


Dec. 7, 1631. \ 
Dec, 4, 1639. j 
June 5, 1761.1 
June 3, 1769. J 


Dec. 9,1874.1 
Dec. 6, 1882. J 
June 8, 2004.1 
June 6, 2012.J 


* Sometimes'o nly, because the orbits of Venus and 
the Earth are not in the same plane. 

t A phenomenon, like a transit or eclipse, is called 
central when the body traverses the diameter of the object 
Isr ough or over which it passes. 



93 


118. Why do not transits of Venus occur at 
every inferior conjunction of the planet ? 

See question 117, foot-note, and reason out 
as in Question 62. 

119. Why have the transits oi Venus been 
observed with so much care ? 

A Transit of Venus, whenever it has occur¬ 
red, has been watched with great care and 
expense, not only on account of the beauty or 
singularity of the event, but because it affords 
a valuable means of solving important astrono¬ 
mical problems. When observations of the 
transit of Venus made at opposite sides of the 
earth are brought together, we are enabled 
to calculate from them the distance of Venus, 
and knowing that, we can find the distance 
of the sun and the distances and sizes of the 
several planets. This is very valuable informa¬ 
tion and, therefore, no wonder that astrono¬ 
mers try to make the most of such transits 
when they occur. 

120. Are there transits of any other planet 
like those of Venus ? If yes, say anything you 
know regarding them. 

Yes, there are transits of Mercury similar 
to those of Venus, and rather more frequent, 
but of no great astronomical importance, 
except for accurate determination of the 
planet’s own position. 
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Of the other planets no transits can occur, 
because their orbits are without the orbit of 
the earth so that they cannot get between the 
sun and the earth. 

121. How is it proved that Venus is within, 
and Jupiter without, the orbit of the Earth ?* 

That Venus is within, and Jupiter without, 
the orbit of the Earth, is proved from two 
observed facts about the planets : — 

(1) Venus is sometimes seen to cross the 
sun’s face, like a small black spot upon it ; 
Jupiter never does so. In other words, there 
occur transits of Venus, but never of Jupiter. 

(2) Venus never gets further from the Sun 
than about one-fourth of the visible celestial 
hemisphere, and is never seen for more than 
three or four hours before sunrise or after 
sunset. Jupiter goes any distance from the 
Sun, being at times even directly opposite to 
it, and then dominating the heavens all night 
long. 

123. (a) How many times is Mars smaller 
than the Earth ? (b) Describe its general ap¬ 
pearance as seen through the telescope. 

*The question, expressed in general, would read as 
follows How are astronomers able to say whether a 
planet is Inferior (or Interior ) or Superior (or Exterior,)? 
The student should attempt an answer to this question 
himself after reading answer to question 121. 
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0) The diameter of Mars is nearly half 
that of the Earth, so that its surface is about 

two—sevenths, and its volume one-seventh of 
the earth’s. 

(b) Since the orbit of Mars is outside that 
of the earth, Mars never presents the crescent 
phase like Mercury and Venus; but at quadra¬ 
ture it becomes distinctly gibbous , and looks 
like our moon three days before or after full 
moon. 

When looked at with the eye alone, Mars 
appears of a reddish tint and cannot be easily 
distinguished from the fixed stars in its neigh¬ 
bourhood. When seen through a telescope, 
the redness somewhat disappears and the 
planet exhibits a bright disc with definite 
markings, which may be broadly divided into 
three classes:— 

(i) There are two white patches near the 
planet’s poles, supposed to be masses of snow 
or ice, since they behave exactly as the 
polar snowcaps of our earth. The northern 
patch gets smaller during the northern sum¬ 
mer, when the North -Pole of the planet is 
turned towards the sun, while the southern 
patch grows rapidly larger ; and vice versa 
during the southern summer. 
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(ii) About three-eighths of the planet’s 
surface. is covered with patches of a greenish 
shade supposed to be bodies of water. 

(iii) Nearly five-eighths of the surface is 
covered with vast tracts of various shades 
of orange and yellow , suppossd to be land. 

From these and other well-marked spots 
upon the planet’s disc its period of rotation 
is determined with great accuracy. 

A certain amount of atmosphere also, much 
less copious than that on earth, has been 
occasionally detected surrounding the globe 
of Mars. 

Besides, careful telescopic scrutiny has 
shown that the chief features of this planet 
are of a permanent character. 

There is also seen a net-work of dark 
lines or dusky bands, which are believed to 
be artificial canals dug for irrigation. 

Hence Mars is a very interesting object 
in the telescope, presenting itself with its 
continents and oceans, its snows and air, as 
a miniature picture of our own world. 

124. When is Mars the best situated for 
observation ? 

When Mars is in opposition, it is at its 
nearest point to the earth; and fully illumi- 
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Bated. This is the best time to examine 
the planet. Its orbit, however, is so very 
eccentric or oval, that it is at one opposition 
much nearer to the earth than at another. 
Now, if an opposition happens with Mars in 
perihelion and the Earth in aphelion, the dis¬ 
tance between the two planets is the shortest 
possible, and this is the most favourable time 
for observation. Such seasons recur about 
every two years, when for months together 
Mars is a very brilliant object in the skies every 
night and a very interesting one in the 
telescope. 

125. Describe the appearance of Jupiter as 
observed with the naked eye and with a tele¬ 
scope. 

To the naked eye Jupiter appears as a large 
bluish star, with a peculiarly soft and steady 
light. 

In a telescope, even a small one, Jupiter is 
a very beautiful object, looking as large as our 
moon even when farthest away from us. The 
planet shows no perceptible phases. It ap¬ 
pears of an oval shape, being much more 
flattened at the poles than our earth. But 
what specially distinguishes this planet from 
all the others is a number of bands, or belts, 
running across its disc parallel to the equator, 
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and frequently .changing their form as the 
atmospheric conditions of the planet are al¬ 
tered. These belts are now generally believed 
to be openings in the clouds by which Jupiter is 
supposed to be surrounded. The axis of Ju¬ 
piter appears, from the movements of the belts, 
to be very nearly vertical to the plane of its 
orbit. Consequently neither pole can be ever 
turned towards the sun, and there can be no 
such variety of seasons as we have. 

126. What is the number of Jupiter’s 
satellites? Explain, by means of a diagram, 
the phenomena connected with these satellites. 

Till very recently Jupiter was known to have 
only four satellites, but in 1892 (September 9) 
a fifth one was discovered, of size not more 
than a hundred miles in diameter. 'Since 
then two more have been added to the number. 

These little moons, when watched from 
the Earth, present quite a beautiful sight, 
running round the giant planet at various 
rates. Their orbits (except that of the 
fourth) are but slightly inclined to the 
plane of Jupiter’s orbit, and this single-cir¬ 
cumstance accounts for the three remarkable 
phenomena of what are known as the Transits ^ 
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Eclipses , and Occultations of Jupiter's 
Satellites. These terms may be defined as 
follows: — 

A transit of a satellite of Jupiter is an appa¬ 
rent passage of the satellite across the disc of 
the planet as seen from the earth. 

An eclipse of a satellite of Jupiter is a hiding 
of the satellite in the shadow of the planet. 
It is the same as an eclipse ,of our moon. 

An occultation of a satellite of Jupiter is a 
disappearance of the satellite from our view 
behind the planet, but not in its shadow. 



Fig. 20.—Transits, Occultations, and Eclipses of 
Jupiter’s Satellites. 

Not to make the figure very complicated, 
we take only one satellite and show how it 
causes a transit, how if is eclipsed, and how 
occulted. 
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When the earth is at A, none of these occur¬ 
rences can be seen on account of the dazzling 
light of the Sun coming between the planet 
and us. 

When the earth is at B, an occultation is 
impossible, and the eclipse cannot be seen by 
us. We can then only see the transit at F. 

The best time for observing all these pheno¬ 
mena is when the planet is at or near quadra¬ 
ture, i. e., when the earth is at C or D. For 
then Jupiter’s shadow projects so far to one 
side that the whole of the eclipse takes place 
clear of the disc, and we can watch both the 
disappearance and the re-appearance of the 
satellite. 

With the earth at C, the transit occurs at 
G, the occultation at H, and the eclipse in 
the shadow at K. 

With the earth at D, the transit occurs at 
L, the eclipse at K in the shadow, and the 
occultation at M. 

Thus in one case an occultation is imme¬ 
diately followed by an eclipse, in the other 
case immediately preceded by it. 

127. Distinguish clearly between an eclipse 
and an occultation of a satellite of Jupiter. 
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(1.) An eclipse 
is a burying of the 
satellite in the sha¬ 
dow of the planet. 


(2.) During an 
eclipse we can see 
the satellite if the 
earth is favourably 
situated. 

(3.) An eclipse 
is a gradiial pheno¬ 
menon, in which 
the satellite be¬ 
comes slowly faint¬ 
er and fainter as 
It enters the shadow, 
and reappears in the 
same leisurely way. 

(4.) In an eclipse, 
the sun’s rays are 
entirely cut off from 
the satellite by the 
body of’ the planet 
coming between. 


(1.) An occulta - 
tion is simply a 
disappearance of 
the satellite from 
our view behind the 
planet, but not in 
its shadow. 

(2.) During an 
occultation we can 
never see the satel¬ 
lite. 

(3.) In an occul¬ 
tation the satellite 
disappears the mo¬ 
ment it touches the 
planet’s disc, and 
reappears as sudden¬ 
ly on the other side 
in a short time. 

(4.) In an occul¬ 
tation, the satellite 
is illumined by the 
sun, though unseen 
by us. 
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128. Of what astronomical importance are 
the eclipses of Jupiter’s satellites ? 

The eclipses of Jupiter’s moons have been 
observed with great care by astronomers, 
because- they enable them to determine (T) 
the exact longitude of places on earth, and 
(2) the velocity with which light moves 
through space. 

(1.) Suppose an eclipse of a satellite of 
Jupiter is calculated to occur at 12 midnight, 
Greenwich time (longitude 0°) . Now if an 
astronomer at any other town would see that 
eclipse at 1 a. m. of its local time, this town 
must be 1 hour’s space, or 15°, to the east 
of Greenwich. If another astronomer at 
another town would see it at, say, 10 p. m., 
this town must be 2 hours’ space, or 30°, to 
the west of Greenwich. And soon for any 
other town. (See Ques. 27 and 33 above, and 
Q. 143 below. ) 

(2) In 1675, the Danish astronomer Roe- 
mer found that the eclipses of Jupiter’s satel¬ 
lites did not occur at the exact time he had 
calculated for them. When Jupiter was in 
conjunction with the sun, (7. e ., farthest away 
from us) , they happened 16 min. 36 sec. 
later than when it was in opposition (7. <?., 
nearest to us). Roemer believed that this 
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difference in time was really the time taken by 
light to traverse the diameter of the Earth’s 
orbit, by which length the planet is farther 
from ns at conjunction than at opposition. 
(See Fig. 16 ). He took the diameter of the 
earth’s orbit at 182,000,000 miles, and by a 
simple rule-of-three sum found that the velo¬ 
city of light must be 186,000 miles per second. 
This conclusion has been verified by two 
independent experimental methods since the 
time of Roemer.* 

129. In what respsct does Saturn differ 
from the rest of the planets ? 

The planet Saturn is quite a unique member 
of the Solar System, in having, besides the 
largest number of attendant moons, a system 
of thin , flat , co7icentric rings round the 
middle of the planet. 

130. Describe the general appearance of 
Saturn as seen with the naked eye and through 
the telescope. 

To the naked eye Saturn appears as a pale( 
yellowish white star of the first magnitude. 


* At present, therefore, the case is reversed. Instead 
«of determining the velocity of light, from, the distance of 
the sun, the distance of the sun is determined from tke 
velocity of light. . 
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In the telescope it is, indeed, a beautiful 
object -with its ten little moons and three 
brilliant rings surrounding the globe. It 
presents, an elliptical face of clear pale light, 
surrounded by a flat, broad, ill umin ated ring- 
It resembles its neighbour Jupiter in having 
its disc shaded at the edge, and in showing a 
number of belts parallel to the equator, which 
.are, however, faint compared with those on 
Jupiter. 

But the most remarkable feature of the 
planet is its beautiful ring system. These 
rings are three in number, one outside another, 
the diameter of the outermost one being: 
166,000 miles. They are very broad, but so- 
thin that when their edge is turned towards 
us they appear, even in the most powerful 
telescopes, as nothing more than a fine needle 
of light piercing the planet’s ball. The inn er 
and the outer bright rings are separated by 
a dark line, which can be traced all round the 
globe. At the inner edge of the inner ring: 
begins a strange structure called the crape 
ring , which extends half way' towards the 
globe of the planet, and which is. remarkable 
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for its semi-transparency in as much as it 
sometimes allows the globe of the planet to 
be seen right through it. 

As to the structure of the rings, there was 
long a difference of opinion among astrono¬ 
mers. Now it is universally admitted that they 
are mere swarms of separate particles , possi¬ 
bly an infinite number of small moons, revolv¬ 
ing round the planet in a common plane;, 
though it is still an open question whether 
the rings form a permanent system, or will 
be broken up at some future day. 

131. Why are not the satellites of Saturn 
of equal importance with those of Jupiter ? 

The moons of Saturn, though ten in num¬ 
ber, are of no importance for astronomical 
purposes for two reasons : 

(1.) The planet is so very far from us 
that we cannot observe the eclipses and 
occultations of its moons as easily as we do 
those of Jupiter’s. 

(2) The orbits of Saturn’s satellites are 
so much inclined to the orbit of the planet 
itself, that these phenomena are very rare. 

132. Mention any peculiarity about the 
planet Uranus. 
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Little is known of this planet) owing to 
its immense distance from our earth. The 
only peculiar feature known so far is, that its 
satellites seem to be moving in a direction 
contrary to that of all the other members of the 
Solar System, except the only known satellite 
of Neptune. 

133. Explain the circumstances that led to 
the discovery of Neptune. 

Soon after the discovery of Uranus (1781 
A.D.), it was found that the planet did not 
keep to the path marked out for it from 
calculation, and astronomers at once set 
about determining the cause of its deviation. 
Remembering the law’ of universal attraction, 
they believed at first that the error must 
have been due to the pull on Uranus of 
Jupiter and Saturn, the largest of the planets 
and nearest to it. When, however, they had 
made allowance for this cause in their calcu¬ 
lation, there still remained some difference 
which they could not understand. It was 
then suggested that there must be another 
planet outside the orbit of Uranus, respon¬ 
sible for this irregularity of the latter. 
Calculations were accordingly made, and the 
position of the new planet was accurately 
determined. Strange to say that when the 
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telescope was directed to that place in the 
heavens, the unknown planet was at once 
found out and the whole mystery about 
Uranus’s irregularity was solved (1846 A.D.). 
This discovery is one of the greatest triumphs 
of modem science, and shows how far 
Mathematics can be applied to the science 
of Astronomy. 

134. Which of the other planets must have 
seasons similar to those on the earth, and why ? 

The principal causes of our seasons are (1J 
the inclination of the Earth’s axis to the plane 
of its orbit, (2) the consequent inequality in 
the lengths of day and night, and (3) the 
parallelism of the Earth’s axis to itself. 

Now, if any other planet have its axis inclin¬ 
ed to the plane of its orbit at about the same 
angle as the Earth’s, then we may conclude 
that, ceteris paribus , it must have seasons 
similar to ours. This,, according to our pre¬ 
sent knowledge of the planets, is the case 
with Mars and Saturn only, whose axes are 
inclined to the planes of their orbits at 25° and 
27° respectively, the Earth’s being 23^- - 
This conclusion is supported by the general 
appearance of Mars, especially the polar show- 
caps, which alternately increase and decrease 
during a Martian year. 



108 


135. Is it possible for life, such as we know 
on Earth, to exist on any of the other planets ? 
Explain your answer fully. 

This is a question which has been keenly 
disputed by men of opposite opinions, but to 
which we can never possibly get a correct 
answer, unless, perhaps, we pay personal 
visit to the brothers and sisters of our mother 
Earth, millions of miles away! At present we 
can only deal in idle conjectures based on what 
these uncles and aunts of ours look like through 
our magnifying eye-glasses. 

Comparing the physical features and con¬ 
ditions of the other planets with those of our 
Earth, we find that Mars is the only one that 
resembles our planet in any plausible degree, 
though it too differs in several particulars. 
Hence, if life, such as we know on earth, can 
exist anywhere else, Mars is the place. 

If, however, we argue from analogy, we 
should deem it probable that the planets support 
life of some kind or other; for, when we see every 
possible nook on the surface of our great globe 
crowded with teeming life, we hesitate to 
believe that so many more stupendous orbs 
have been left without it. Besides, most of 
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them seem to possess an atmosphere like our 
own, which makes it easier to believe the 
existence of life on them possible. 

136. What are the Asteroids ? What posi 
tion do they occupy in the Solar System? 
What is the current belief among astronomers 
as to their formation or origin ? 

The Asteroids, also called Planetoids or 
Minor Planets, are a large family of small 
planets revolving round the sun between the 
orbits of Mars and Jupiter and forming part of 
the Solar System. Some ofithese planets move 
in orbits so very eccentric that they resemble 
comets rather than planets in this respect, and 
are hence sometimes known as ultra-zodiacal 
planets, i.e., planets lying beyond the Zodiac. 
(See Ques. 163.) The first of them was dis¬ 
covered on the night of January 1, 1800, and 
the number of those since discovered exceeds 
four hundred. Many new ones are added 
every year by means of improved methods of 
observation and by the aid of photography. 
The names of the first four in order of dis¬ 
covery are Ceres, Pallas, Juno, and Vesta. 

According to Bode’s Law. (see Appendix), 
they occupy the place of a fifth planet in order 
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of distance from the sun, and hence their 
origin has been accounted for in one of the 
following two ways. They are supposed to 
he the fragments of a fifth planet of the terres¬ 
trial group, which either failed in its forma¬ 
tion owing to the powerful attraction of the 
giant Jupiter, or which afterwards broke to 
pieces somehow or other. The former of these 
two hypotheses is now generally accepted, as 
the latter cannot explain some of the pec ulia - 
xities in the orbits of these planets. 
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THE SUN. 

137. Write brief notes on the Sun under the 
following heads : form, size, and position. 

Form : —The Sun is believed to be an enor¬ 
mous globe or sphere, from the fact that the 
spots on its surface appear to move just as 
they would do if they were carried along on 
the surface of a rotating;, sphere. ( See 
Ques. 142). 

' Size or Magnitude :—The magnitude of 
the Sun may best be understood by a com¬ 
parison of its dimensions with those of the 


earth. 

Earth Sun 

Diameter . 1 110 

Surface . 1 12,000 

Volume ... ... 1 1,300,000 

Weight or Mass ... 1 332,000 


Position '.—The sun is the centre of the Solkr 
System, round which the planets all move in 
elliptical orbits with the Sun in one of the foci., 

138. What is the distance of the sun front 
the earth? Mention, without explaini n g, the 
methods that have been used, to ascertain this 
distance. 

The sun’s distance is variable owing to 
several causes, the chief of which is the 
eccentricity of the earth’s orbit. The differ- 
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ence "between the distances at' aphelion and 
perihelion is as much as 3 million miles. The 
mean distance is 92,975,500 miles. 


This distance is determined in various ways, 
all of which give the same result : —(1) by 

means of the Aberration of Light :_(2) by 

finding the sun’s horizontal par allax , i.e ., the 
semi-diameter of the earth as seen from the 
sun; (3) by knowing the velocity of li°ht 
which is about 186,000 miles per second, and 
applying that knowledge to observations of 
eclipses of Jupiter’s satellites*; (4) by obser¬ 
vation of Transits of Venus; and (5) by 
observation of Mars at opposition. 

139. What is the length of the snn’s dia¬ 
meter ? How has the length of the sun’s dia" 
meter been calculated ? 


. The Sun’s diameter is about 866,500 miles 
m length. 


If the sun’s distance and apparent size be 
known, the length of its diameter can he 
determined in the following^way : — 
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In fig. 21, let O be an observer on earth, 
and S the sun. From O draw two imaginary 
lines OA and OB to opposite sides of the sun, 
so that AB is the diameter whose length is to 
be calculated. Now, if the angle AOB be 
accurately measured, it will be found to be 
such that AB, the base of the isosceles traingle 
AOB, is T £ r of AO or BO. And as AO or BO 
is known to be about 93,000,000 miles, divid¬ 
ing this number by 107, we get about 
866,500 miles as the length of the sun’s 
diameter. This is about 108 times the dia¬ 
meter of the earth. 

140. Name and explain the principal pheno¬ 
mena on the sun’s surface when seen through 
the telescope. 

(1.) The Photosphere , or light-sphere, 
popularly called the disc, is the round, flat 
surface that we see every day. In the tele¬ 
scope it shows a rather darkish background, 
sprinkled over with grains, or nodules, as they 
are called, of a much brighter appearance. 

(2.) On the Photosphere there appear 
occasionally certain dark spots , that are 
continually changing in shape, size, and posi¬ 
tion. By their passage across the disc from 
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east to west, they indicate an axial rotation of 
the sun from west to east. 

(3.) Besides the dark spots there are also 
found scattered over the sun’s surface certain 
very bright streaks called factdce . They are 
more conspicuous near the limb or in the 
neighbourhood of the spots-. They consist of 
the same material as the rest of the photo¬ 
sphere, but are higher than the surrounding 
surface, and therefore much more brilliant 
than the rest * 

(4.) Outside the photosphere lies the ch?'o- 
mosphere , or colour-sphere , so called from 
its brilliant scarlet appearance. During a 
total solar eclipse it presents a beautiful sight 
and looks very much like u a prairie on fire.” 

(5.) Outside the chromosphere, and shoot¬ 
ing out of it, are seen occasinally huge 
fiames of fire, called Promuiences. They 
are clouds of incandescent gas, as was proved 
during the Indian eclipse of 1868. 

(6.) Beyond these red flames or promi¬ 
nences is the Corona , a halo or glory of light, 
commonly divided into the inner and outer 
coronas/ The inner corona is intensely bright 
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and of a pearly tinge; the outer becomes 
gradually fainter as it recedes from the disc, 
so that its end is not very well defined. Both 
the coronas can be seen with the naked eye 
during a total eclipse of the sun. The light 
issuing from them is at least twice as great 
as that of the full moon. The phenomena of 
the corona are not yet well understood, though 
it has been proved to be caused somehow or 
other by the solar atmosphere. 

141. State, in separate paragraphs, the 
current belief among astronomers about the 
nature and constitution of the several pheno¬ 
mena that take place on the surface of 
the sun. 

(1) As to the condition of the central mass 
or nucleus of the Sun, we have no definite 
knowledge. It is probably gaseous , this being 
indicated by the sun’s low mean density arid 
high temperature; but at the same time this 
gaseous matter must he in a very different 
condition from gases as we know them on earth, 
on account of the intense heat and the enormous 
pressure due to the force of solar gravity. 

(2) The Photosphere is in all probability 
a sheet of luminous clouds, constituted 
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mechanically like terrestrial clouds, z\ <?., of 
minute solid or liquid particles floating in gas. 

(3) The Chromosphere and Prominences 
appear for the most part as if formed of jets of 
heated hydrogen, ascending through the 
interspaces between the photospheric clouds, 
like flames playing over a coal-fire. The 
Prominences may be divided broadly into two 
classes, quiescent and eruptive . The former 
are of immense size, are not very brilliant or 
rapid in movement, and do not much change 
while they are visible; they appear in all parts 
of the sun’s disc. The latter appear only in 
the region of the spots; they are usually small, 
brilliant, and rapid in movement, and change 
almost every moment. 

(4) As to the Corona, many of its pheno¬ 
mena are still unexplained, and since it has 
been observed only during the brief moments 
of total solar eclipses, progress in its study has 
been necessarily slow. 

142. Write brief notes on the Sun-spots, 
describing their appearance, and explaining 
their cause, nature, astronomical importance, 
and any other facts that you may be know¬ 
ing about them. 
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When the sun is looked at through a 
telescope with proper precautions so as not to 
injure the eye, there appear upon its surface 
certain dark spots which form, no doubt, the 
most interesting objects for an observer. They 
differ very much from one another in size and 
shape; they are continually changing in form; 
and they are always --short-lived, lasting most 
of them for a month or two. They are in 
some years much more numerous than in 
others, the maximum recurring about every 
ten or twelve years. 

Appearance of Sun-spots :—When a fully 
formed spot is observed in the centre of the 
Sun’s disc, it usually presents three distinct 
shades of darkness. The intensely black part 
in the centre consists of a number of round 
spots, called nucleoli , but better known as 
Dawes ’ holes , after the name of their dis¬ 
coverer. Round this is a nearly circular por¬ 
tion less dark, called the umbra; round the 
umbra is a still less dark portion called the 
penumbra. As the spot moves from the 
centre of the disc towards its limb, the outer 
edge of the penumbra becomes gradually 
broader, the inner edge narrower; and, when 
the spot is on the point of disappearing on 
the other side of the sun, the inner edge of 
the penumbra altgoether ceases to be seen. 
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■ Experiment:— To illustrate the movement 
of a normal sun-spot, we would make a 
saucer-shaped cavity in a globe, paint the 
bottom of the cavity black to represent the 
umbra, and the sloping sides gray to repre¬ 
sent the penumbra. Then as the globe is 
made slowly to rotate on its axis placed vertical 
with regard to the cavity, the appearance 
would be exactly such as a normal sun-spot 
presents. 

Motions of Sun-spots : —When a well-mark¬ 
ed spot is seen in the centre of the sun’s 
*sc, it is found every day to move slowly 
towards the west, then to disappear behind 
the disc, after a few days to re-appear on 
the eastern side, and to move again towards 
the centre. This one journey from centre 
to centre takes about 25 days. 

What the Sun-spots prove:-—. A great number 
of these spots have been carefully watched 
from time to time, and have been found to 
move all zn the same direction (from east to 
west) , and all m nearly the same time (about 
25 days). Hence the conclusion is that the 
sun must be rotating on its axis from west 
to east in about 25 days. (See Ques. 105). 
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Recent observation, However, has shown 
that all spots do not complete a rotation in the 
same time; those near the equator go round 
once in 25 days, whilst those farther away 
require more time in proportion to their dis¬ 
tance from the equator, until the outermost 
ones in lat. 40° take fully 27 days. The only 
conclusion that can be arrived at from this 
difference in movement is that the sun’s surface 
must not be solid, and that the different por¬ 
tions must he free to move with reference to 
one another like the waves of Ihe ocean. 
This still awaits further investigation, and it 
is possible that at some future day our 
present theory about sun-spots will have to 
be completely altered. 

Nature of Sun-spots -.—The spots are, no 
doubt, hollows in the Sun’s photosphere, 
but hollows filled with gases and vapours 
cooler than the rest of the surface. 

Cause of Sun-spots :—Nothing certain can 
be said on this point. A number of theories 
have been proposed, of which the most satis¬ 
factory is that which considers these spots as 
the effect of eruptions . When an eruption 
takes place, a hollow or sink is caused in the 
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surface, in which hollow the cooler gases and 
vapours' collect. 

Region of Sun-spots —The spots are not 
found over the whole surface but are confined 
to regions 40° on each side of the solar 
equator. 

Influence of Sun-spots on the earth :—One 
influence of sun-spots Upon the earth is now 
established without doubt, though the nature 
and cause of the connection is not yet under¬ 
stood. Whenever the spots are numerous, 
the earth suffers many and violent magnetic 
disturbances ; delicately suspended compass 
needles oscillate about their true position ; 
and auroras are more frequent. Another in¬ 
fluence, only recently recognized by European 
and American astronomers, was declared long 
ago by the late Prof. Kero Laxuman Chhatre 
of Deccan College, Poona. In 1879, he prov¬ 
ed that the quantity of rainfall at a place can 
be almost definitely predicted from the 
number, shape, and size of sunspots seen. 
His investigation led him to the conclusion 
that the rainfall is the greatest or least just 
four years after the appearance of the most or 
least numerous spots. He also proved that 
the fourth (or fifth) and tenth years after the 
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least numerous spots are the years of famine 
in India. This discovery still awaits confir¬ 
mation. 

143. What is the composition of the sun ? 
Name some of the substances to be found on the 
sun. In what state do they exist ? 

By the most improved methods of observa¬ 
tion it has been discovered that the solar 
atmosphere contains many of the chemical 
elements (more than thirty-six) known on 
earth, but only zn the form of vapour or gas. 
Some of them are iron, hydrogen, magnesium, 
carbon, copper., zinc, silver, tin, lead, and 
potassium, One noticeable feature is that all 
the elements hitherto found in the sun, except 
carbon, are metals ; and that the most impor¬ 
tant terrestrial non-metals, as oxygen, nitro¬ 
gen, chlorine, sulphur, and phosphorus, are 
conspicuous by their absence. 

A new element, unknown on earth, has been 
discovered in the atmosphere of the sun, and 
called “■helium”., from Gr. helios , the-sun. 

.144. How many real motions is the sun 
believed to have, and why ? 

The sun is believed to have two real motions 
of .its own, (!') a rotation on its axis, and (2) 
a forward movement in space towards the 
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constellation Hercules. 'The former is proved 
from the movements of the spots on its surface. 
As to the latter, Sir W. Herschel believed 
tnat he could indicate a point in the constel¬ 
lation Hercules towards which the sun was 
rapidly advancing^ because he found that the 
stais in that part of the heavens seemed to be 
wider asunder than they once did. Similar 
observations of stars in the southern hemisphere 
have shown that the stars in some parts of the 
heavens seem to be getting closer to-gether. 

Ilhistratzon :—A man approaching a cluster 
of trees sees them wider apart as he comes 
nearer ; whereas, on receding from them, he 
finds them getting closer to-gether. 

145. The sun, it is said, has been radiating 
heat into space for millions of years : how, then, 
is its temperature maintained at a constant 
degree ? 

"Iwo theories have been propounded to 
account for the constant temperature of the 
sun. The first is that the myriads of meteori¬ 
tes moving round the sun are drawn into it 
and help to keep up its light and heat. The 
second is that the sun, being a ball of luminous 
matter, is continually contracting in size, by 
which contraction enough heat is generated to 
make up for the entire loss. 



I'he second is the more generally accepted 
theory, since the first would account for only a 
•small fraction of the lost heat being restored, 
“whereas it has been calculated that by the 
contraction, of only *h part of its 

diameter enough heat would be generated to 
last for 2,000 years. 

146. Which class of celestial bodies doe's 
the Sun belong to, and why ? 

The Sun is believed to be one of the millions 
of twinkling little stars with which the heavens 
are so thickly studded. But ‘it is by no means 
the biggest of the stars as might appear at first 
'sight. Its greater size and heat and light are 
due only to its being the nearest star, being 
500,000 times nearer to us than the nearest 
stars. Similarly, it is believed that the Stars 
-are all so many distant suns, each of which is 
the centre and head of a family of planets like 
our own. 
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COMETS AND METEOSSi 

147 ‘ Wiatis a comet ? Why-is it so called ? 

-A Cornet is «• celestial b6dy i moving in a 
very eccentric orbit and having a vapofrdie 
appendage, called the CW T 

“Sr f" ^ainilw 

me long tail of comets,.—bee^T-tQR 
with thf* nor, uecause^ when seen, 

th the naked eye a comet looks, like a little 

at 5z n „f^ar nonsfog “ dh ^ 
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(3) . The Tail, or Train*, a stream of light 
stretching for millions of miles behind, and 
always pointing in a direction away from *thfe 
sun. It seems as if certain materials present 
in the comet were driven away from the head 
by the intense heat of the sun and formed the 
tail. The tail, therefore, is not a permanent 
part of the comet. 

(4) . Envelopes or Jets of light issuing from 
the nucleus as the comet approaches the sun. 

Note. Comets, however, vary sq much in shape, size, 
and brilliancy, that no two are exactly alike; in fact, their 
forms are almost as various as those of the clouds. 

149. Sketch, in brief, the movements of a 
comet. 

Comets make their first appearance as small, 
faint, and slowly-moving bodies. In a little 
time they quicken their motions and augment 
their splendours, throwing out long tails behind 
them and lushing head-long towards the sun. 
When they have come nearest to the sun, they 
take a sudden swoop around him and come out 
on the other side, where they begin their 
retreat into space. Then they slacken their 
■speedy gradually lay aside their glories, and at 
last dissolve once more into inconspicuous 
•telescopic specks, which very soon disappear 
altogether.. 
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150. What place da Comets in general hold 
iin fine Solar System ? 

Gomets-do not form regular members-, so to- 
speak, of the solar household, but are only 
looked upon as visitors. This is because (1), 
the. orbits of most of them are sensibly para- 
bolic, (2) their planes have no evident relation 
to. the ecliptic, and (3) most of them go round 
the Sun the contrary way to planets, and have 
what is called a retrograde motion. They are. 
considered as wanderers in space, attracted 
at times hy our sun and then r unnin g away 
from him with an infinite velocity to visit 
some other of the innumerable distant suns... 
Some of them, however, have been natura¬ 
lised, so' to. say and obey the central power 
of our sun like the. planets.. 

151. If comets are only visitors to the Solar 
System, how is the periodical return, of cert ain. 
of them to-be accounted for ? 

It is clear that those comets which move in 
parabolic orbits cannot be regarded as any¬ 
thing more-than visitors to our system. As to- 
those which move in elliptical orbits, returning 
as regularly as the planets themselves, it is a 
question whether they are- to be regarded as; 
native-born, or. only as naturalized 
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The explanation usually given is this: — 
That all comets come to us from interstellar 
space. That some of them are so powerfully 
drawn by the giant planets of our system, that 
they cannot go out again, and in course of 
time settle down as regular members of the 
family. This is known as the Capture The - 
ory of Comets and is generally accepted by 
astronomers. 


152. What points, (i) of resemblance, and (n) 
of difference, do you note between planets and 
comets ? 

(i). Comets resemble the planets in only 
two particulars, viz . in shining by light bor¬ 
rowed from the Sun, andin wandering through 


space, unlike the fixed 

(ii). Comets differ 
the following respects: 

(1).. Planets are 
composed of earthy 
and watery sub¬ 
stances such as are 
found on our earth. 


(2). Planets show 
well-defined and 
equally illuminated 

discs. 


stars. 

from the planets in 

(1.) Comets are 
composed of thin 
vapour , through the 
densest portions of 
which stars of the 
faintest luster remain 
perfectly visible. 

(2.) Comets pre¬ 
sent themselves as 
patches of confused 
do tidy light. 
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(3). Planets keep 
a fixed and immu¬ 
table aspect while 
they are visible. 

(4}. The orbits 
of planets are nearly 
circular ellipses, 
with the sun in one 
of the foci. 


(5.) Planets move- 
round the sun and 
complete their revo- 
1 u t ions in fie d 
periods. 


(3) • Planets con¬ 
fine themselves to the 
ecliptic and neigh¬ 
bouring zones of the 
sky. 


(7) - Planets, 

moving as they are 
in nearly circular 
orbits, do not suffer 
any great variations 


(3.} Comets conti¬ 
nually change their 
form and aspect 
while they are in sight. 

(4.) The 'orbits 
of comets are mostly 
very elongated ellip¬ 
ses, one end of which 
lies near the sun, 
and the other end far 
away from it. 

(5) • Comets, 
whenever seen in the 
sky, are either advan¬ 
cing towards or reced¬ 
ing from the sun. 

They approach the 
sun within a certain 
distance, go round it, 
and then fly off from 
it into distant realms. 

(6) . Comets 
make their fitful ap¬ 
pearances indiffer- 
ently in a U possible 
regions of the visible 
heavens. 

(7) .Come t s 
move in more ec¬ 
centric ellipses than 
planets, and conse¬ 
quently they must 
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of heat and cold, the 
winter and summer 
being due not to the 
distance from the 
sun, but to the stoop 
of the axis. 

(8), Planets 
move round the sun 
all in the same direc¬ 
tion, from west to 
east. 


suffer greater varia¬ 
tions* of heat and cold 
than the latter. 


(8). Comets 
mostly revolve from 
east to west and are 
said to have a retro¬ 
grade motion . 


153. What is the probable nature and 
constitution of comets ? 

Nothing definite can be said on this point. 
The hypothesis, most generally accepted, is 
that the head of a comet is a swarm of 
meteoric particles,* each enveloped in a 
gaseous covering and shining either by elec¬ 
tric discharges or by the light of the sun. 
The elements most generally found in comets 
are carbon and hydrogen ; sometimes also 
iron, lead, sodium, and a few other metals are 
detected. 


See Ques. 158. 
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154. What are Meteors and Meteorites? 

By what other names are they known ? 

Meteors are transient, luminous, star-like 
bodies, seen to dart quickly across some 
portion of the sky and then suddenly disap¬ 
pear, leaving sometimes, for a few seconds, 
a train of light behind. They are otherwise 
known as Bolides , falling stars, ox shooting 
stars. 


Note. Formerly, astronomers made a 
distinction between meteors and shooting 
stars, from the fact that the latter make no 
sound, and almost never reach the earth’s 
surface. Of late years, the distinction has 
come to be disregarded, and it is believed 
that shooting stars are just like other meteors 
except only in size, being so small that they 
are entirely consumed in the air before any¬ 
thing of them can reach the earth’s surface. 

Meteorites are pieces of stone or iron which 
have fallen to the earth from space. In other 
words, they are the remains of meteors too 
large to be entirely consumed in the air. 
They are also called Aerolites , Uranoliles, or 
simply meteoric stones , 
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155. Which other class of bodies in the 
Universe do meteors resemble, and. why ? 

The meteors, though popularly called 
shooting stars, are no stars at all, since they 
are not self-luminous. They are of the nature 
of planets and are illumined by the light of 
the sun only, though they cannot be seen by 
us on account of their comparatively very 
small bodies. When they fall , as we say,, 
from their place and enter the earth’s atmos¬ 
phere, they move at such a rapid rate that^by 
friction they catch fire, and show themselves, 
as shooting stars . They are ultimately melt¬ 
ed and turned into vapour. When the heat, 
subsides, the vapour condenses again into fine 
dust, which is scattered along the track of the. 
meteor. The small ones are reduced to 
ashes before they can reach the earth ; the 
larger ones are melted on the outside and 
considerably reduced in size, though not 
entirely consumed. 

When meteoric stones are examined by 
chemists, they are found to contain elements 
that are all known to us on earth, and this is 
the reason why meteors are believed to be 
fragments of planets (or of comets) moving 
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The following are some of the well-ktrown. 
meteoric lowers 

(1) The August Meteors (August 10), 
called Perseids, because they seem to come 
from the constellation Perseus'. 

(2) The November Meteors (Nov. 13) y 
called the Leonides, because they seem to 
come from the. constellation Leo„. 

(3) The Andromedes (Nov., 27 or 28) r 
so called because they seem to come from the 
constellation Andramdda. 

In some years these: showers, are far more 
numerous than in others. For instance, the 
Leonides make a grand display of themselves 
every 33 or 34 years. They appeared in 1833, 
and again in 1866 as had been predicted, and 
were expected to return in 1899 or 1900, but 
have not, returned as yet for reasons still to be 
investigated. 

158. What are the grounds for saying that 
comets are but swarms of meteorites ? 

From a carefnl examination of the shape, 
size:, and position of the orbits of the meteoric 
swarms that have appeared at various times ; 
and from a comparison of these, orbits, with 



tlie orbits of some of the periodical comets, it 
appears, beyond the possibility of a doubt, 
that there is a real and close connection be* 
tween these two classes of bodies. Besides, 
it is known (1) that comets are not very hot, 
(2) that they do partly consist of solid matter, 
and (3) that the vapour they give off may be 
obtained from a substance found in meteo¬ 
rites. 

Putting all these facts to-gether, there 
seems to be much truth in the belief that 
prevails among astronomers, that “ the comet 
itself is only the thickest part of the meteoric 
swarm, and that the clouds of meteors scat¬ 
tered along its path are the result of its 
■disintegration . ’ \ 
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THE STARS. 

159* Discuss the appropriateness of the 
term “ fixed” as applied to the stars. 

Though the stars are commonly called 
41 fixed ’ ’ to distinguish them from the planets 
which are wanderers , yet they are really sub¬ 
ject to certain slight amounts of motion which 
can be detected only by refined instruments. 
They are, however, at such inconceiveable 
distances from us that their swiftest motion 
becomes imperceptible except in the long run. 

Astronomers know of two kinds of motion 
among stars ,—common and proper . The 
common motion is shared by all stars in the 
same part of the sky and is only an apparent 
motion ; the proper motion is peculiar to 
individual stars and is a real motion. Of this 
latter kind of motion, even the swiftest is too 
small to be noticed by a casual observer, being 
only a degree in about 15,000 years. There 
is no wonder, therefore, that the stars stand 
to-day in the same position with regard to one 
another as we find them in the charts and 
catalogues made 2,000 years ago. 

160. How are stars classified ? 

Before the invention of the telescope, the 
stars were divided into six classes according to 
their brightness. These classes were called 



magnitudes . Thus, about twenty of the 
brightest stats in the heavens were classed 
to-gether as -stars of the first magni¬ 
tude ; those next in brightness were called 
stars of the second magnitude; and so on. 
The sixth-magnitude stars could hardly be 
seen by an ordinary eye. 

After the invention of the telescope, the 
same system was extended to the smaller 
stars., and we have now stars of the seven¬ 
teenth and eighteenth magnitudes, or even 
lower still. 

No settled system, however, has been 
followed in the classification of these telescopic 
stars, so that the magnitudes assigned to them 
by different observers are very different. 

Note .—The word magnitude in this instance denotes the 
degree of brilliancy and not of bulk. 

161. What is the number of stars ? 

Though we hear it popularly said that the 
number of stars is infinite, yet careful obser¬ 
vers have essayed to count them, and from 
the average of records of several of them the 
number of lucid* stars may be laid down at 

* The term lucid is applied to the stars that can be 
seen with the naked eye without the help of any instru¬ 
ments other than concave spectacles used by short-sighted 
people. 
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7,000 for the whole celestial sphere. When 
the telescope is brought to work, the number 
increases so rapidly that there are believed to 
be no fewer than 125,000,000 stars in all 
heavens. 

162. What is the colour of stars ? 

Most of the stars are white, but there are 
many of a somewhat ruddy colour. A few 
telescopic stars are intensely red ; some are 
even blue or green, while others show beauti¬ 
ful golden tints. 

163. What is a Constellation ? How many 
Constellations have been known till now ? 
What are the Zodiacal Constellations ? Name 
them. 

From very ancient times the stars have 
been grouped artificially in what are called the 
constellations , which are given fanciful names 
from animals and objects which they seem to 
resemble. They are groups of stars not natu¬ 
rally connected but merely lying together in 
the same general direction as seen from the 
earth. 

Over a hundred constellations are now 
generally recognized. Of these, twelv e are 
called the Zodiacal Constellations , because 
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they lie in the Zodiac (z. e n Zone of Animals), 
or the portion of the heavens extending 9° 
on either side of the ecliptic, in which the 
sun, the moon and the principal planets al¬ 
ways keep. 

Their names are : — 

f Aries (the Ram) 

Spring. < Taurus (the Bull) 

l Gemini (the Twins) 

f Cancer (the Crab,) 

Summer. < Leo (the Lion) 

l Virgo (the Virgin,) 

( Libra (the Balance) 

Autumn. < Scorpio (the Scorpion) 

t Sagittarius (the Archer ) 

f Capricornus (the Goat) 

Winter. < Aquarius (the Waterman,) 

t Pisces (the Fishes). 

164. What is meant by the “ Annual Paral¬ 
lax of the fixed stars ” ? 


The stars are at such enormous distances 
from the earth, that even the diameter of the 
earth’s orbit, though 180 millions of miles 
long, is almost as a point in comparison. 
Hence, a star, though seen from two positions 
on the earth’s orbit diametrically opposite to 
each other, still appears almost exactly in the 
same direction. With the most recent and 
delicate astronomical instruments, however, 
a star is found to undergo a slight change of 
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position when observed at intervals of six 
months in which time the earth has complet¬ 
ed one-half of its orbit. This difference in 
the apparent position of the stars is known as 
their Annual Parallax, and is considered a 
proof of the earth’s revolution round the sun. 
("See Ques. 22) . 

165, Explain the meaning and nature of 
Binary and of Multiple Stars. 

Certain stars, when seen through the tele¬ 
scope, are found to be made up of two or 
more stars lying close to-gether and physical¬ 
ly connected, so that one revolves round the 
other. If there are only two such stars, the 
system is called a binary or dotible star ; if 
more, it is called a multiple star . 

166, Write abrief note on the Milky Way. 

The Galaxy or Milky Way (L. Via Lactea) 
is a luminous belt of irregular width and out¬ 
line, which divides the visible hemisphere of 
the heavens into two nearly equal parts. It 
extends below the horizon and then round the 
earth to form a girdle about the heavens. It 
is clearly visible on a dark, cloudless night, 
when the moon is absent. In the telescope 
it appears to be made up almost wholly of 
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small stars, of the eighth magnitude and lower; 
it also contains numerous star-clusters, but 
very few true nebulae. 

167. What is a star-clue ter ? How does 
it differ from a Nebula ? How many kinds of 
Nebulae are there? And what is their pro¬ 
bable nature ? 

The clusters and the nebulae are both faint 
clouds of shining haze like broken pieces 
of the Milky Way. They are groups of 
little stars varying in number from a 
hundred to many thousands. Those of themf 
in which the stars are easily seen by a 
telescope of moderate power, are called 
clusters; while the others, requiring high 
powers to see the separate stars, as 
well as those which cannot be separated 
into stars even in the most powerful telescope, 
are called nebulae. 

Astronomers distinguish two kinds of 
nebulae: (i) the Resolvable Nebuloe , in which 
the stars are separated under a very high 
power; and (ii) the Irresolvable Nebula;, which 
still appear of a cloud-like structure, even in 
the most powerful telescopes. 
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Only two or three of the irresolvable nebulae 
are visible to the naked eye. One of them, a 
very beautiful one, is in the sword of Orion. 
In the telescope their number amounts to as 
many as eight thousand. 

As to the nature of the Nebulae, nothing 
certain can be said as yet. They may be 
either masses of glowing or incandescent gas, 
or clouds of stones clashing to-gether and 
thus giving rise to a luminous appearance. 

168. What is a Nebulous star ? 

Nebulous Stars are those which, when 
closely examined, appear to be surrounded by 
a kind of fog, resembling a nebula. 

169. What are the grounds for believing 
that the Solar System is the result of a slow 
growth and not of an instantaneous creation. 
Explain clearly the hypothesis on which this 
belief is based. 

It is commonly said that the earth, the sun, 
the moon, and all other heavenly bodies were 
created perfect from the first; but to a man of 
science, who has learnt to connect causes and 
effects, the case seems otherwise. He knows 
that the planets all move round the sun in 
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elliptical orbits, in almost the same plane, in 
the same direction, and at regularly increasing 
distances; that the larger the planet, the 
faster it rotates on its axis; that they rotate 
and revolve in the same direction and nearly 
in the same plane; and that their satellites 
revolve round them in nearly the same p lan e 
and the same direction as those of the pl a nets’ 
own rotation. 

From these and similar facts he argues that 
the planetary system was not built in an in¬ 
stant but grew up slowly by immutable laws of 
nature. Accordingly, he establishes a theory 
which he calls the Nebular Hypothesis. It 
was worked out in detail by the celebrated 
French Astronomer La Place about the begin¬ 
ning of the last century. The Theory as¬ 
serts : — 

1. That at some time in the past the mat¬ 
ter of which the sun and the planets are com¬ 
posed was in the form of a nebula. 

2. That under the action of its own gra¬ 
vitation, the nebula assumed a form approxi¬ 
mately globular, with a motion of rotation. 

3. That in consequence of the rotation, 
the globe would necessarily become flattened 
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at the poles, and ultimately, as the equatorial 
regions bulge out, it would throw off rings of 
nebulous matter, like the rings of Saturn. 
Thus it would become a nebulous star. 

4. That the ring so formed would for a 
time revolve as a whole, but would in the end 
break up into globes revolving round the cen¬ 
tral globe as planets. These planets would, 
of course, keep the same direction of rotation 
as the ring had revolved. 

5. That the planets thus formed might 
throw off rings of their own, and so form a 
system of satellites each one for itself. 

This theory, now generally accepted, ex¬ 
plains most of the facts of the solar system. 

170. Explain clearly the relations that are 
supposed to subsist between the stars and the 
nebulae. 

The stars are supposed to be distant suns, 
which are each one the centre of a planetary 
system like our own. Hence, the Nebular 
Hypothesis, which traces the growth of our 
Sun and planets to a nebula in the beginning, 
can also be applied to show that the stars are 
formed by the coming together of the materi¬ 
als of which the nebulae are composed. 
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171, Define Declination and Polar Distance, 
and explain the relation between the two. 

The Declination of a star is its angular dis* 
tance north or south of the celestial equator; 
4- if north, — if south. It corresponds pre¬ 
cisely with the latitude of a place on the 
earth’s surface; it cannot, however, be called 
celestial latitude, because that term is applied 
to an entirely different quantity. 

The Polar Distance of a star is its angular 
distance from the North or the South Pole of 
the heavens according as the star is to the 
north or the south of the Celestial Equator. 

From these definitions it will appear that 
Declination+Polar Distance = 90°; so that if 
the one be known the other can be easily 
found out. 

Note.—Parallels of Declination are small circles 
drawn parallel to the equinoctial, like the parallels of 
latitude on earth. 

172. Explain fully the expression “First 
Point of Aries.” 

The First Point of Aries, or the Vernal 
Equinox, is one of the two points in which the 
celestial equator cut the ecliptic in the time of 
Hipparchus, 2,000 years ago. At this point 
the sun crossed the celestial equator and 
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passed north-ward about the 21st of March, 
It was, therefore, taken as the starting point 
for reckoning the longitudes of stars, in the 
same way as the meridian of Greenwich is 
now taken as the starting point for measuring 
the longitudes of places on earth. 

Owing, however, to the movement of the 
equinoctial points round the ecliptic known 
as the Precession of the Equinoxes (see 
Appendix) the equinoctial line no longer points 
to Aries but to the next constellation of Pisces* 
The name, however, is. still preserved, and 
astronomers still call the position of the sun 
at the spring equinox the First Point of Aries 
and count the longitudes of stars from it. 

173. Define Right Ascension. 

The Right Ascension of a star is its angular 
distance from the first point of Aries, 
measured upon the celestial equator. It may 
also be correctly, and for many purposes most 
conveniently, defined as “ the sidereal time at 
the moment when the star is crossing the 
meridian.” 

174. If you were asked to find out a cer¬ 
tain star in the heavens, what particulars 
would you require to know concerning the 
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same ? Explain how you would proceed to 
find the star after knowing these parti¬ 
culars. 

^The positions of heavenly bodies with refer¬ 
ence to each other are determined in the same 
way as the positions of places on earth. To 
know where a city is, for instance, we require 
its latitude and longitude; and the point 
where the two circles (the parallel of latitude 
and the meridian of longitude) intersect each 
other is the position of the city. Similarly, 
to find out the position of a heavenly body, we 
require, to know (1) its declination, which 
corresponds exactly to the latitude of the city r 
and (2) its right ascension, which corresponds 
exactly to the longitude of the city. 

When these two are known, we proceed to- 
determine its place in the following manner:—- 

Suppose the declination is given as 4* 50°, 
and the R. A. as 15 h - 30 m * As the declination 
fe + 50°, we know that the star is 40° from 
the N. Pole. So we first look for the Pole- 
star, and then trace a circle round it with a 
radius of 40 p length. The required star must 
be somewhere on the circumference of this 
circle. Next, we proceed to find the first 
point of Aries. To do this, we join the Pole- 
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star with Beta Cassiopeiae, and produce the 
line 90° from the Pole-star. This point is the 
First of Aries. Then, as the R. A. !of the 
star is given to be 15h. 30m., we reduce this 
to degrees, reckoning 15° for an hour. This 
comes to 232J° east, which is the same as 
127J° west, of the First of Aries. As it is not 
convenient to measure 232J° B., it being 
more than two right angles, we measure 127^-° 
W., and join the point we come to with the 
Pole-star. The point of intersection of this 
line and the declination circle already deter¬ 
mined, is the position of the required star*. 


* The following is another way to determine the same, 
after the declination circle and the first point of Aries 
have been found:— 

If we have a sidereal, or astronomical, clock, we would 
set it so as to show—Oh. Om. Os, when the first of Aries is 
on our meridian, and wait still it shows 15h. 30m., at 
which time we may expect to see the required star on our 
meridian, at the point where the meridian intersects the 
declination circle already determined. 
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GRAVITATION, Etc. 

175. Define Gravitation, Gravity, Weight; 
and distinguish them from one another. 

Gravitation is that species of attraction or 
force by which all bodies or particles of matter 
in the universe tend toward each other ; it is 
also called “attraction of gravitation,” “uni¬ 
versal gravitation,” and “universal gravity.” 

Gravity , as distinguished from gravitation, 
is the tendency of a body toward the centre of 
the earth. 

Weight is the effect of gravitative force, es¬ 
pecially when expressed in certain units or 
standards, as pounds, grams, etc.; hence, it 
is a measure of the force of gravity, and, be¬ 
ing the resultant of all the forces exerted by 
gravity upon the different particles of the body, 
it is proportional to the quantity of matter in 
the body. 

176. Enunciate the Law of Gravitation. 

Any two particles of matter attract each 
other with a force which is proportional to 
their masses and inversely proportional to the 
square of the distance between them. 
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1V7. Explain how the Theory'of Gravitation 
has been verified by the moon’s motion. 

The earth’s radius is about 4,000 miles ; the 
moon’s distance from the earth is about 
240,000 miles. Consequently the moon’s dis¬ 
tance is about 60 times the earth’s radius. 
Hence, on the hypothesis of gravitation, the 
force with which the moon is attracted by the 

earth ought to be “ or -g yY) <y of what it 

would be if the moon were at the surface of 
the earth. Now it is known that at the earth’s 
surface a body falls 193 inches in the first second. 
The moon, therefore, ought to fall of 

193 inches, z. e., ‘0535 of an inch per second 
towards the earth. This it is actually found 
to do on calculation. 

178. How are distances], between heavenly 
bodies expressed ? 

The apparent distance between two heaven¬ 
ly bodies canuot, of course, be measured in 
feet or yards. There is no meaning, for 
instance, in saying that two stars are three 
feet apart, unless we know how far from the 
eye the three-foot measure is to be held. A 
rupee held very close to the eye will conceal 
from view a large portion of the sky, but, re- 
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177. Explain how the Theory*of Gravitation 
has been verified by the moon’s motion. 

The earth’s radius is about 4,000 miles ; the 
moon’s distance from the earth is about 
240,000 miles. Consequently the moon’s dis¬ 
tance is about 60 times the earth’s radius. 
Hence, on the hypothesis of gravitation, the 
force with which the moon is attracted by the 

( 1 \ 2 

^)" ot 3 M 0 °f what it 

would be if the moon were at the surface of 
the earth. Now it is known that at the earth’s 
surface a body falls 193 inches in the first second. 
The moon, therefore, ought to fall °f 

193 inches, i. *0535 of an inch per second 
towards the earth. This it is actually found 
to do on calculation. 

178. How are distances], between heavenly 
bodies expressed ? 

The apparent distance between two heaven¬ 
ly bodies cannot, of course, be measured in 
feet or yards. There is no meaning, for 
instance, in saying that two stars are three 
feet apart, unless we know how far from the 
eye the three-foot measure is to be held. A 
rupee held very close to the eye will conceal 
from view a large portion of the sky, but, re- 
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moved to a distance of, say, 20 yds,, will con¬ 
ceal perhaps, no more than one star. The 
only correct method of expressing apparent 
distances in the sky is that of angular 
measurement , by means of degrees ( °), 

minutes ( '), and seconds ( "). Thus we 

say that the diameter of the moon is about 
half a degree, or 30', long. 

179. Explain clearly how astronomers are 
able to determine the distances of heavenly 
bodies from the earth. 

To ascertain the distance of a heavenly 
body from the earth, two places are selected 
on the earth’s surface as widely as under as 
possible, i. e., two places diametrically oppo¬ 
site to each other. From each of these places 
the angle which the heavenly body makes 
with the base-line is carefully measured, and 
the result furnishes a triangle of which the 
base and the adjacent angles are known. 
From these data the altitude of the body (z\ e. y 
its distance from the centre of the earth) is 
calculated by the aid of Trigonometry. 

If the body, e. g. y a star, is so far away from 
the earth that the 8,000 miles of terrestrial 
diameter become insignificant as a base-line, 
then the angular measurement is taken from 
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opposite sides of the earth’s vast orbit, which 
gives a base-line of nearly 190 millions of 
miles. Still even this base-line is found too 
short for most of the stars whose distances 
remain unknown in spite of the most refined 
instruments of observation. 

180. How do astronomers know the com¬ 
position of heavenly bodies 1 

The composition of a heavenly body is 
determined from the colours into which a ray 
of its light can be split up. A beam of light 
from the body is passed through a prism 
which immediately separates it into its com¬ 
ponents. The different colours are then 
compared with the light given by different 
elements known on earth, and thus the sub¬ 
stances which exist in the distant object are 
discovered. The process, however, is not 
quite so simple. The instrument employed 
for the purpose is called the Spectroscope. 
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APPENDIX. 

A. —ABERRATION OF LIGHT. 

light, like sound and other physical forces, 
is not transmitted instantaneously, but with a 
definite velocity. This fact causes an appa¬ 
rent displacement of a distant object seen 
from a moving station, unless the motion is 
in a straight line towards or away from the 
object. This displacement is greater or 
smaller as the station itself moves faster or 
slower. Now, the earth moves in its orbit at 
the very rapid rate of 18|- miles per second, 
which causes the displacement distinctly per¬ 
ceptible in the case of the stars and even of 
the sun. Hence the following definition:— 

Aberration is the apparent displacement of 
a heavenly body caused by the rapid movement 
of the earth in its orbit combined with the 
velocity of light. 

Illustration I.—In order to see a star, a 
telescope is to be directed a little in advance 
of the true place of the star, which would not 
be the case if the earth were at absolute rest. 

_ Illustration II.—A cannon ball striking the 
•side of a ship in rapid motion at right angles 
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to the direction of the course of the ball, will 
cut the ship obliquely from side to side. But 
if the ship be at rest, the ball will pass straight 
on to the other side. 

Illustration III.—A man standing in a rain- 
shower when there is no wind, holds his 
umbrella in a vertical position over his head; 
if now he begins to run at a rapid rate, he will 
be obliged to hold his umbrella sloping in 
front of him .. 


B.—Bode’S EAW. 

Towards the close of the 18th century 
(A.D. 1778), a curious numerical relation 
was announced by the Astronomer Bode to be 
existing between the mean distances of the 
several planets from the sun; and, though 
subsequent discoveries have shown it to be a 
mere coincidence, the relation is still recognised 
as <c Bode’s Law n . It may be briefly explain¬ 
ed as follows:— 
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Take the series of numbers:_- 

0 3 6 12 24. 4.8 96 192 384; 

Add 4 to each of these numbers, and a new 
series is formed, thus— 

4 7 10 16 28 52■ 100 196- 388; 

divide, each of these last by 10, and the 
senes becomes 

‘4 '7. 1 T6 2:8 5/2: 1.0 19‘6 38'8.. 

This series, with the exception of the last 
number, approximately represents the relative 
distances of Mercury, Venus, the Earth, Mars, 
the Asteroids, Jupiter, Saturn, and Uranus 
from the: sun,, as given in Ques. 102. 


C. KEPLER’S LAWS OF PLANETARY MOTION. 

The famous German Astronomer, Kepler 
was the first to shew that the planets revolve 
round the sun not in circular, but in elliptical 
orbits. After a careful study of the move¬ 
ments of Mars for several years, he proved, 
that the orbit of that planet is an ellipse, and" 
hence drew the same inference about the 
orbits of the other planets including the earth. 
He also demonstrated that the orbital motions 
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of the planets are governed by three simple 
laws, since known as “Kepler’s Laws.”’ They 
are as follows:— 

First Law.— The planets move in ellipses¬ 
having the sun in one of the foci. 

Second Law.— The straight line joining a 
planet with the sun sweeps through equal 
areas in equal times. 

Third Law* IT he squares el the periodic 
times of any two planets are to each other in 
the same proportion as the cubes of their mean 
distances from the sun.* 


D.—FOUCAULT’S PENDULUM EXPERIMENT 1 ' 

It has been stated’ in Ques. 12 above that 
the diurnal rotation of the celestial sphere can 
be explained in one of two ways' only, either 
by supposing the earth to-be at rest and the 
heavens to move round it, or the heavens to 
be at rest and the earth to spin on its axis. 
The former hypothesis- was the current belief 
in the early stages of Astronomy in the 
absence of any instruments to- aid obser¬ 
vation, 


* This third law'can be easily verified By the studerrt 
with the help of the figures given in Ques, 102- audios. 
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The invention of the. telescope early in the 
17th century gave altogether a new life to the 
science ; and observations made on the sun. 
moon, and many of the planets, which were 
seen to be rotating bodies, obliged several 
astronomers to abandon the older hypothesis 
and to believe, from analogy , that the earth, 
too, must be a rotating sphere. M an y and 
varied were the attempts then made by men 
of opposite convictions to support or to over¬ 
throw the new hypothesis. 

Among the large number of such experi¬ 
mental proofs, the celebrated pendulum 
experiment of the French philosopher Fou¬ 
cault (A. D. 1851) deserves the first place. 
He took a heavy ball of iron about a foot in 
diameter and suspended it from the dome of 
the Pantheon in Paris by means of a wire 
about 200 feet in length. Underneath the 
ball he made a small circular ridge of sand 
12 feet in diameter, in such a way that at 
every swing of the pendulum a mark would 
.be made in the sand by a pin attached to the 
ball. At first the ball was kept absolutely at 
rest in a slanting position by a cotton string 
which was then gently burned off to give the 
.pendulum a free swing in a true plane. But 
this plane was seen to turn slowly to the right. 



22.—Foucault’s Pendulum Experiment, 
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and the pin to scrape the sand In a new place 
at each swings describing: the arc of a circle 
which would have been completed in about 
30 hours, had not the pendulum come to rest 
by the attraction of gravity. In fact, the 
floor of the building was seen to be actually 
turning with regard to the plane of vibration, 

E—The: Precession of the Equinoxes? 

AND HOW IT IS CAUSED. 

The Precession of the Equinoxes is the slow 
backward motion of the equinoctial points 
along the ecliptic, at the rate of 50" annually. 
It is caused by the conical movement, or 
wabbling , impressed upon the axis of the 
earth in consequence of the action of the sun, 
moon, and planets upon the bulging matter 
about the equator, in connection with its 
diurnal rotation. It is so called because 
either equinox, owing to its westerly motion, 
comes to the meridian sooner each day than 
the point it would have otherwise occupied, 
and thus precedes that point continually with 
regard to the line of transit and motion. 

F.—The ultimate resuet of the Preces¬ 
sion OF THE EQUINOXES. 

The equinoctial points move round the ecliptic 
at the rate of about 50" per annum x so that a 
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"revolution, is completed in about 26,000 years. 
The ultimate effects of this movement are— 

(1) The north and south poles of the 
earth, as also the celestial poles which are 
opposite to them, move round the north :and 
south poles of the ecliptic in 26,000 years. 
Hence, in a few centuries the present pole- 
star will have got a considerable distance 
away from the north celestial pole, and other 
stars will have taken its place one after 
another. (See note on p. 38). 

(2) The seasons, which depend on the 
inclination of the earth’s axis to the plane of 
the ecliptic, are, so to speak, slowly moving 
round the -earth’s orbit, completing a revolu¬ 
tion in 26,000 years. After 13,000 years the 
constellation of Virgo which forms at present 
the back-ground of the sun at the Aut umna l 
Equinox ("September 21) will form its back¬ 
ground -at the Vernal Equinox, and summer 
and winter, spring and autumn, will have 
changed places. And it will require 13,000 
years more after that to bring the seasons 
"back to their present condition. 

G—The Annual Parallax of the Fixed 
Stars. 


Se.e Ques. 164. 



QUESTIONS 


From the MATRICULATION PAPERS of the 
BOMBAY UNIVERSITY. 


[ Tlie numbers in bracket at the p end of each question 
refer to the Questions in the book before. The figures 
to the right indicate the full marks assigned at the exa¬ 
mination.] 

1860. 

1. Explain the construction of the human 
eye, and show by a figure, that the image upon 
the retina is inverted with respect to the 
object. How do yon account for long-sighted¬ 
ness and short-sightedness ?. 

2. Explain the costruction of the common 
astronomical telescope, and of the or dina ry 
microscope. 


1861. 

3. (a). Give a brief account of the Solar 

System. (95).. 

(5). Explain the phases of the Moon. (55). 
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M62. 

4. Describe the eye regarded as an optical 
instrument. Why is it that sometimes the re 
fiexion of a star from the surface of water is a 
long strip of light and not an exact image o t 
the star ? 

5. Account for the phases of the moon. 

Why does the moon rise at different times on 
two successive nights ? (55,84), 


1863. 

6. Define the terms Apparent motion , 
Equator, Ecliptic, Orbit, Equinox, Parallax.. 

7. State Kepler’s Daws, and mention the 
conclusions respecting the Force of Gravitation 
deduced from them respectively by Sir Isaac 
Newton, 

8 . Explain the phenomena of the seasons,, 
(19). 

9, Distinguish carefully between the nature 
and causes of Solar and I/unar Eclipses res¬ 
pectively. (59, 60, 61, 63, 64, 66, 79)., 
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1864. 

10- Describe the motions of the .5 
Earth.. .(11, 24). 

11. Explain the fact that in all places 7 
on the earth’ 1 s surface lying in north 
latitude, the day is longer than the night 
when the sun is in the Summer Solstice. 
(18). 

12. Explain the nature and cause of 9 
the Moon’s changes of Phase. (55) . 

13. What is a Lunation ? (94). 4 

14. Why does the Moon always pre- 7 

sent approximately the same face to the 
Earth ? (86). 


1865. 

15. A person travels from Bombay to 7 
Calcutta; state, giving clear reasons for 
your answer, whether his watch will ap¬ 
pear to have gained or lost on his arrival 

at his journey’s end. (28). 

16. Explain the phenomena of the 8 
Seasons. (19), 
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17. What appearance would-the Earth 8 
present to a spectator on the Moon’s sur¬ 
face? (56). 

18. Explain the nature of a Lunar j 
Eclipse. 


1866. 

19. Define the terms Parallax and 8 
Refraction; and state the effect of each 

on the apparent position of the heavenly 
bodies. (164). 

20. State and illustrate the Laws of 12 
Kepler. (Appendix). 

21. When is a planet said to be in 

aphelion and when m perihelion ? (99). 

22. Explain the phenomena of Spring 8 
and Neap Tides. 


1867. 

23. State briefly any proofs that may 10 
occur to you ( a ) of the Rotundity of the 
Earth; (i) of its diarnal motion. (6, 

12 ). 
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: 24. Explain how an Eclipse of the sun 8 
is produced. Why does not one occur 
every lunar month ? (59,62) . 

25. What figure is described by a 6 

planet in its path round the sun ? What 
position does the sun occupy within that 
figure ? (97). 

26. What is the position in the Solar 10 
System of the Planetoids or Asteroids? 
What is Gibers 1 theory of their for ma tion ? 
(136). 

[Ans.—Olbers, the discoverer of Vesta 
(1807), was the originator of the theory of 
an exploded planet. See Ques. 136]. 


1868. 

27. Of what does the Solar System 10 

consist, and why is it so called ? (95). 

28. How are the Seasons to be ac- 7 

counted for ? (19) . 

29 i How are the Tides occasioned ? 12 

Explain the phenomena of Spring and 
Neap Tides. 
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30. What are the distinctive pheno- 8 
mena of a total eclipse of the Sun? Mention 
any that you have observed yourself* 

(71.) 

1869. 

31. What are the astronomical, and 12 
what are the physical divisions of the pla¬ 
nets? Give lists of the Inferior and of the 
Superior Planets, of the Interior and of 

the Exterior Planets. How many As¬ 
teroids have been discovered? (100,136J. 

32. Has anything been lately dis- 7 

covered about the Composition of the 
Sun ? (143). 

33. Explain the Phases of the Moon, 7 
with diagrams. (55). 

34. When can an eclipse of the moon 8 
happen? Draw a diagram. (60,66). 


1870. 

35. Shew that the day which is the 7 
longest to us is the shortest in the year to 
the inhabitants of Australia. (18,19) . 
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36. On what days of the year does the 6 

Sun rise due east to all places on the sur¬ 
face of the Earth, and why ? ( 18) ., 

37. What is Venus called when it is 9 
to the east of the Sun ? At what distance 
from the Earth is Venus at its inferior 
and its superior conjunction with the Sun? 
(114,112). 

38. Give a brief description of what 12 
yon know of the position, office, magni¬ 
tude, and physical condition of the Sun. 
(137). 

39. Why is it that the Solar Eclipse 6 

begins on the western limb, and the 
Lunar on the: eastern ? (70). 

Describe the appearance of the Lunar 
Disc during the interval, when the solar 
or lunar eclipse is total. (72). 


1871. , 

40, Name the bodies comprised in 8 
cut Solar System, Distinguish between 
Primary and Secondary Planets. (95,107J. 

41. Define and explain the follow- 6 
ing:*—Prime Vertical, Parallels of Deck- 
nation, Parallax, Refraction. 
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42. Explain the cause of Tides. At 8 
what times do Spring and Neap. Tides 
occur 7 And why 7 


1872. 

431 (a) Name the Inferior and Supe- 10 

rior Planets. Why so called 7 (100). 

(b) State the distances, in millions - 
of miles, of the several planets from the 
Sun. (102). 

44.. (a) What is the general form of 10. 

the orbits of the planets 7 (9.7)- 

(< b ) When is the Earth said to be in 
Aphelion, and when in Perihelion 7 (99) - 

45. (a) Explain the cause of the ap- 10 
pearances termed eclipses; (59, 60).. * 

(b) Under what circumstances will a 
total eclipse of the moon take place ?' 

(69). 

46. Explain the apparent paradox 7 
contained in the following - statement:—A 
telegram which left Bombay this morning 
was delivered in London yesterday even?- 
ing. (29) 
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1873. 

47. Define the following astronomical 10 
terms: — 

Equinoctial, Declination, Ecliptic, Dine 
of Equinoxes, Obliquity of Ecliptic. 

48. State Kepler’s Daws. (Appendix). 5 

49. What is the average length of a 10 
Degree of Datitude ? Where is it short¬ 
est, and why ? (3). 

50. Explain, clearly, how the semi- 10 
diurnal tide is produced. 


1874. 

51. Name the bodies comprised in 10 
the Solar System and arrange them in the 
order of their distances from the Sun (95). 

52. A transit of Venus will be observed 10 
the 9th of December 1874 by nume¬ 
rous European and American astronomers 
from about 75 different stations, at an ex¬ 
pense of about £1 00,000. What astro¬ 
nomical problem has this great inter- 
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national expedition undertaken to solve ? 
and what advantages are likely to be 
gained from the solution ? (119). 

53. Show that, in general, the latitude 15 
of a place on the earth’s surface is the 
same as the altitude of the pole above the 
horizon of that place. (44). 

54. Give a sketch illustrative of the 5 
Phases of the Moon. (55). 


1875. 

55. Define an Ellipse. Show howto 10 
draw one, marking the relative positions 

of the centre and foci . What are Kepler’s 
Laws? C98,App.). 

56. If the plane of the Moon’s orbit 6 
coincided with the plane of the ecliptic, 
how many Solar and how many Lunar 
eclipses would occur in the year ? (80). 

57. What is the velocity of Light? 6 
Prom knowing this velocity show how 

the distance of the Sun may be ascertain¬ 
ed by applying a discovery of the Danish 
Astronomer Roemer. ( 128). 
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58. Wliy are not all solar days equal ? 7 

(40). 

59. The Sun is nearer to the Earth in 7 
winter than in summer : how then is the 
greater heat of summer to be accounted 
for? (25). 


1876. 

60. Show by means of diagrams how 10 
the apparent positions of celestial objects 

are affected by—Refraction, Parallax, and 
Aberration of Eight. 

61. What is the exact time of the 10 
earth’s Rotation on its axis ; and how 
many times does it rotate in the course of 

an ordinary year ? (38.) 

62. What is the reason that the Moon 10 
always presents the same face to the in¬ 
habitants of the Earth ? (86) . 

6° ■ Give the Rotation Periods and 5 
Periodic Times of the eight principal 
planets. (103). 


1877. 

64. Why does not a star always rise 8 
at the same time ? Explain how the time 
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of a star’s rising and that of its setting 
alter in the course of the year. (42). 

65. Of what does the Solar System 8 
consist ? Name the planets in the order of 
their distance from the Sun. (95). 

66. Describe Foucault’s Pendulum 8 

Experiment to prove that the Barth 
rotates on its axis. (Appendix). 

67. When it is noon in Bombay, what 7 
time will it be to a place 37° 26 ; 40" E., 
and to another 47° 30' 20" W. of Bombay? 


1878. 

68. Illustrate by a diagram the posi- 8 
tion of the Earth in the Solar System. 

(p. 69). 

69. Explain what is meant by longi - 7 

hide. Why are the degrees of latitude 
and longitude not equal in length? (2, 3). 

70. Explain the cause of the Tides, 8 
and draw a diagram showing the relative 
position of the Earth, Moon and Sun at 
Neap Tides. 
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1879. 

71. . Define Equinox, Latitude, Orbit , 12 

Transit , and Perturbations. 


72. Give the mean distances from the 
Sun, and the times of revolution round 
the Sun, of each of the planets. 
(102,103). 


10 


73. What are Satellites ? Name all 8 
Jupiter’s Satellites. (52). 

74. What is meant by Apparent solar 12 
day, mean solar day , sidereal day , and 
mean lunar day f Give the length of 
each. 

75. In reading the Sun-dial, how 8 
is it that some correction is generally ne¬ 
cessary to obtain mean time ? And on 
what days does the sun-dial indicate 
mean time without any such correction ? 


1880. 

76. The moon always presents the 5 
same face to the Barth: can you explain 
this fact ? What are the Phases of the 
Moon? (86,55). 
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77. What is the Physical condition of 7 
the Sun? What are the dark spots? Can 
you account for their apparent motion ? 
(141,142). 

78. State Kepler’s Laws of Planetary 6 
Motion. (Appendix). 

79. Earth, Jupiter, Mars, Mercury, 8 
Neptune, Saturn, Uranus, Venus. Re¬ 
arrange these in the order of their 
nearness to the Sun, beginning with the 
nearest. Into what groups are these 
planets divided? (95, 100). 


1881. 

80. Give all the proofs you know of 9 
the Rotundity of the Earth, and its Rota-. 
tion on its axis. (6, 12) . 

81. What changes would be produced 8 
on the Earth, if its axis were to place 
itself at right angles to the plane of the 
Ecliptic? (20). 

82. Explain the causes of solar and 9 
lunar eclipses. Why do they not occur 
every lunar month ? Why is a total solar 
eclipse visible only on a small portion of 
the Earth’s surface? (59, 60, 62, 76). 
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1882. 

83. What is meant by longitude and 8 
latitude of a place? Why are the degrees 

of longitude and latitude not equal in 
length ? Why is noon at Madras half an 
hour earlier than at Bombay ? (2, 3, 27). 

84. How are the Tides occasioned ? 10 

Explain Spring and Neap Tides. 


1883. 

85. Distinguish between apparent and 10 
mean noon and give approximately the 
greatest difference between them. 

86. Explain the phenomena of the 10 
Seasons. (19). 


1884. 

87. What is the cause of an eclipse of 8 
the Moon? Why is it always Full Moon 
when an eclipse takes place ? (60,61). 

88. Explain the cause of the Tides. 8 
Why does the tide not always rise to the 
same height? 
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89. Shew by a diagram how the geo- 8 
graphical position of a place is determin¬ 
ed when its latitude and longitude are 
known. 


1885. 

90. Name the bodies comprised in the 7 
Solar System. Distinguish between Pri¬ 
mary and Secondary Planets. (95, 107). 

91 If a ship, sailing due west at a 8 
uniform rate, circumnavigates the earth 
in 600 days, what will be the interval of 
time between any two successive noons 
on board the ship ? (30). 

92. When is an Kclipse of the sun 10 
possible ? Why is not a total eclipse ob¬ 
served at all places where the sun may be 
visible at the time ? ( 59, 68, 76). 


1886. 

93. State the three Daws of Kepler, 9 
and mention what important conclusion 
Newton arrived at from the third law. 

( Appendix), 
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94. Which of the planets are attended 7 
by Satellites ? Name them and say how 
many has each. (106). 

95. Give the general conditions under 8 
which Eclipses, lunar and solar, occur ; 
and explain clearly why we have some¬ 
times partial and at other times total 
eclipses. (59, 60, 64). 


1887. 

96. When is Venus the Morning and 8 
when the Evening Star ? Why have the 
transits of this planet been observed with 
so much care ? (114, 119J. 

97.. How many times is Mars smaller • 7 
than the Earth? Describe its general ap¬ 
pearance as seen through the telescope. 
(123). 

98. Give two of the most obvious and 8 
convincing proofs of the rotundity of the 
Earth, and state clearly why the days and 
nights are unequal in length in different 
parts of the world. (6, 18). 



177 


1888. 

99. Enumerate all the different bodies 9 
that constitute the Solar System. Men¬ 
tion at least two particulars in which stars 
differ from planets. How do you dis¬ 
tinguish between stars and planets at 
night? (95,96). 

100. Explain fully, using a diagram, 9 
the phases of the moon. (55). 

101. How do you account for the fact 6 
that the tide rises and falls twice daily? 


1889. 

102. Explain how the experiment of 9 
letting fall a stone, or other heavy object, 
from the top of a high tower, may be em¬ 
ployed to prove that our Earth revolves 

on its axis. Mention briefly two other 
considerations that point to the s am e 
conclusion. (12.) 

103. Mention, without explaining, two 8 
methods that have been used to ascertain 

the distance of the Sun. What are the 
dark spots of the Sun? What discovery 
did they lead to regarding the Sun ? 
(138,142). 
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104. What is meant by an Eclipse of 6 
the Moon ? Explain the occurrence of 
the phenomena by a diagram. Why does 
the Moon always present the same half 
of her surface to the Earth ? (58, 66,86). 


1890. 

105. Mention the various bodies that 8 
constitute the Solar System, dividing the 
planets under their proper head, Exterior 

or Interior, and state opposite each the 
number of h» moons. (95, 100, 106). 

106. What is meant by a Transit of 7 
Venus? (117). 

An Eclipse of one of Jupiter’s moons 
took place at 11 A.M. at Greenwich, the 
phenomenon being observed at another 
town at 2 p.m. of its local time ; find the 
longitude of the latter place. (33 J. 

107. Explain the following:—Ecliptic, S 

First Point of Aries, Retrograde Motion, 
Occtiltation, Right Ascension, and Satelr 
itev (17, 172, 126,173, 52, 107),, 
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1891. 

108. Give a general outline of the 8 
Solar System, mentioning all the planets, 
with their satellites, in order of their dis¬ 
tance from the Sun. (95, 106). 

109. Explain with r a diagram the 7 
change of Seasons. (19). 

110. Explain the phases of the Moon. 8 
(55). 


1892 

111. What is the reason that an 9 
Eclipse of the Sun can only take place at 
New Moon, [and an Eclipse of the Moon 
only at Full Moon ? (61). 

112. What is the Sun made of ? How 9 
has the length of its diameter been calcu¬ 
lated ? (143, 139). 

113. Define in separate paragraphs the 10 
following terms:—Polar distance, Decli¬ 
nation, Eatitude,and Longitude. (171, 2). 


1893 . 


114. Explain clearly why, as a rule,' 12 
the days and nights are unequal, and 
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show that in two positions of the Earth’s 
orbit the days and nights are equal all 
over the globe, and that at the equator 
they are equal throughout the year. (18). 

115. Describe the appearance of 9 
Jupitei as observed with a telescope, and 
explain by means of a diagram tire pheno¬ 
mena of occultations and eclipses of its; 
satellites. What is the number of Jupi¬ 
ter’s satellites ? (125,126). 

116. Define (1) the First Point of 4 
Aries, (2) inferior and superior conjunc¬ 
tions of a planet, and (5) conjunction 
and opposition of a planet.. (172, 101). 

117. Explain how to'find out by obser- 5 

vation whether a planet has its orbit within 
or without that of the Earth. (121). 


1894 . 

Dlianjishah Hormasji Dasfur; Prabhakar Ramkrislma 
Bhanclarkar. 

118. What facts go to prove that the 12 
earth travels round the sun once in a 

year ? Describe an experiment illustrating 
this. (22). S 
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119. Explain how the seasons depend 7 
upon the difference in the lengths of the 
day and night. (19) . 

120. Explain clearly why the moon 13 
changes her form from a crescent to a 
circle. 

What fact prevents the monthly eclip¬ 
ses of the sun and of the moon ? (55,62) . 


1895. 

Dlianjishaw Hormasji Dastur ; Prabhakar Pamkrishna 
Bhandarkar. 

121. Mention all the motions of the 12 
Earth, explaining the various astrono¬ 
mical phenomena produced by them. 

( 11 ). 

122 (a) What are meteorite sand 9 

meteors? What are the grounds for 
saying that comets are but swarms of 
meteorites ? (154, 158). 

W How are astronomers able to 
determine the length of a planet’s day ? 
(105). 

123. While observing Jupiter at differ- 12 
ent times, you see one of the satellites 
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(1 ) apparently touching the disc of the 
planet and gradually disappearing, (2) 
disappearing while it is yet at some dis¬ 
tance from the disc, and (3) suddenly 
making its appearance some way ■ off from 
the disc. Explain these phenomena with 
the help of a diagram. (126). 


1896 . 

Dhanj'isliaw Honnusji Dastur ; K. K. Kapadia. 


124. Give a brief and general descrip- 8 

tion of the Solar System. (95) . 

125. How are solar eclipses caused ? 11 

When should we have a partial solar 
eclipse, a total solar eclipse, and an annular 
eclipse ? Why are lunar eclipses seen 
fiom a greater portion of the earth’s sur¬ 
face than solar eclipses ? (59, 64, 76). 

126. Explain how an interior planet in 11 
its path round the sun should vary in s i ze 
and shape as seen from the earth. By 
what simple experiment would you illus¬ 
trate your explanation ? (’110, 112 
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1897- 

Dlranjishaw Hormasji Dastur ; K. K. Kapadia. 

127 . (a) Describe the appearance of 15 

the moon as seen through a telescope. 

( 81 ). 

(b) Fully account for the phases of 
the moon, drawing neat diagrams in illus¬ 
tration of your explanation. (55). 

(c) Mention, but do not describe or 
explain, any other phenomena caused by 
the revolution of the moon round the earth. 

128. How are the positions of the hea- 15 
venly bodies determined ? Why are these 
determinations of great practical impor¬ 
tance ? (174). 


1898. 

NanabHai Ardesir Moos ; K % K. Kapadia. 

129. What would happen if the Earth’s 10 
axis were perpendicular to the plane of the 
ecliptic ? Give reasons for your answer. 

( 20 ). 

130. What are sun-spots supposed to 10 
be ? What kind of motion do they appear 

to have ? What does that motion indicate ?. 
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"What changes in their appearance do they 
present as they move along, and how 
would you represent these changes by a 
simple experiment? (142) 

131. Explain how the eclipses, occulta- 10 
tions, and transits of Jupiter’s satellites 
take place. Draw a neat figure to illus 
trate your answer. (126) 


1899 . 

Nanabhai Ardesir Moos ; K. K. Kapadia. 

132. (a) Draw a diagram to illus- 15 

trate approximately the distances, dimen¬ 
sions, and orbits of the planets and other 
bodies constituting the Solar System. 

(p. 72). 

ib) State fully what you know about 
Dunar Eclipses. (60, 66, 67, 69, 74, 

.75.) 

133. Define gravitation . Enunciate 14 
the laws of gravitation. (175, 176.) 

Explain the principles of the calculation 
by which Newton proved the law of gravi¬ 
tation with reference to the motion of the 
moon round the Earth. 
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1900, 

N. A. F. Moos; K. K. Eapadia; 

134. (a) Fully describe and account 20 
for the apparent motions of the moon. 
Describe a simple experiment and draw a 
neat diagram in illustration of your answer. 

(b) Clearly explain why the moon 
changes her form from day to day. (55). 

135. State fully what you know about 10 
comets and meteorites. (147 to 158). 

1901. 

K. K. Kapadia ; H. M. Page. 

136. State fully what you know about 14 
Solar Eclipses, drawing, as far as possi¬ 
ble, neat figures, in illustration of your 
statements. ("59, 61, 63, 64, 65, 68, 71, 
73,75). 

137. Explain precisely how astrono- 15 
mical observations help us to determine 
the longitude of places on the earth’s 
surface. 


1902. 

K. K. Kapadia : H. M. Page. 

138. (a) Define Conjunction ; Phase ; 16 

Transit. (101, 55, 117, 126). 



186 


{b) Why are the Interior Planets so 
called? (100J. 

State fully what you know about the 
rotation, revolution, phases, seasons, and 

the apparent size of each of the Interior 
Planets. 

139. Account for the variations in the 13 
length of days and nights, and fully ex¬ 
plain how the seasons are caused. 18,19. 


1903 . 

H. M. Page ; Hormasji Navroji Bilimoria. 

140. Why do eclipses not take place 11 
every mouth ? Explain the occurrence of 
lunar eclipses with the help of a diagram. 
Describe the different kinds of solar ec¬ 
lipses. Make a sketch in black and white 
of the appearances of the sun’s disc during 
the progress of (1) total, (2) partial. (3) 
annular eclipses of the sun. (62, 60, 66 
63). . 1 

141. Write all you know about—(1) 14 

sun spots, (2) comets, f3) the milky way, 

(4). nebulae. What reasons have you for 
saying that comets are swarms of meteo¬ 
rites ? (142, 147-153, 166, 167, 158). 
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1904. 

N. A. F. Moos ; H. M. Page. 

142. Explain the following terms:— 8 

Transit, occultation, gibbous, first point 

of Aries. (117., 126, p. 46, 172J. 

143. Suppose an eclipse of one of 10 
Jupiter’s moons was observed to take 
place at Greenwich at 2 P. M ; while it 
was seen at two places A and B at 
1P.M. and 3 P. M. respectively. Find 

the longitudes of A and B. (33) . 

144. Give the names of every body 9 
that is included in what is known as the 
solar system. What is meant by u in¬ 
terior” and u exterior ” planets ? Name 

the former. 

Draw two sketches to illustrate what is 
meant by u inferior ” and <c superior” 
conjunction. (95,100, 101). 


1905 . 

N. A. F. Moos; H. M. Page. 

145. What is the size of our earth ? 10 

What is its distance from the sun ? 

Describe any experiment to prove that 
our earth is rotating on its axis. What is 
the velocity of the earth’s rotation ? 
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146. To what are the heat and light 

° th ® SUn due ? How h as the size of the 
stm been determined? What are sun 
spots ? 


10 


147. How far is the moon from us ? 10 

wIlat is its light due? Why is it 
hat the same half of the moon is always 
turned towards the earth while the other 
naif is never seen by ns ? 


1906. 

N. A. F. Moos ; H. M. Page. 

148. State what you know about the 

sun’s appearance, distance from the earth 
and magnitude. ' ’’ 

Show by a diagram how to account for 
the phases of the moon. 

149. Explain the following terms :_ 

Ecliptic, right ascension, universal gra¬ 
vitation, apheiion, perigee, equation of 
time. 

Draw neat sketches to illustrate clearly 
he following three phenomena, takino- 
care to name all the essential parts of 
your drawings: — 
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{a) Total eclipse of the sun. 

(b) Annular eclipse of the sun. 

(c) Eclipse of the moon. 

150. Why does noon at Bombay occur 
about an hour later than at Calcutta ? 
What relation roughly does the Indian 
Standard Time bear to Bombay and 
Calcutta times ? 

How would you determine the latitude 
of Bombay ? 

151. Mention some reasons why we 
believe that our earth is rotating on its 
axis. 

Draw the figure given in your text¬ 
book to illustrate the fact that the two 
motions of the earth are not in the same 
plane. What fact in nature results from 
this non-coincidence. 


1907 . 

N. A. F. Moos ; H. M. Page. 

152. What is the mean diameter of 8 
the earth and what is its distance from 
the sun ? 

Define terrestrial pole, equator, and 
parallels of latitude. 
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153. When it is 12 noon at Bombay 10 
it is lh. 34m. p.m. at Rangoon. The 
longitude of Bombay being 72° 49 ; 
east of Greenwich, find the corres¬ 
ponding time at Greenwich and the 
longitude of Rangoon. 

154. There is a daily retardation in 10 
the time of the rising of the moon. 

"What is the amount in time roughly of this 
retardation ? Explain the phenomenon. 

155. What are sun spots, chromo- 12 
sphere, corona, and red flames ? Name 
some of the principal elements observed 

in the sun. How has the existence of 
these elements in the sun been proved ? 

156. State fully what you know about 10 
Comets and Meteors. 


N- A. F. Moos; H. M. Page. 

157. Explain the following terms:_ 8 

Precession of equinoxes, asteroids, 
celestial equator, first point of Aries. 

frnif S f'u Wlu f ls the distarice °f the sun 10 
the earth ? Knowing this distance 
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and the apparent size of the sun show 
how we can proceed to find roughly its 
diameter. 

159* Describe the different kinds of 11 
solar eclipses with diagrams. Why do 
not eclipses take place every month? 

160* Write explanatory notes on (1) 10 

Nebulae, (2) Sun spots, (3) Comets, 
What reasons are there for believing that 
comets are swarms of meteorites ? 

161. Explain how the longitude of 11 
places on the earth’s surface is deter¬ 
mined by astronomical observations. 
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The Notes in this ( Trivedi’s) History give 
a clear and connected account of the impor¬ 
tant events and leading features of each 
period, which is not done in the Histories 
generally available to students. A summary 
of each reign is added to supply the want 
of beginners who find it hard to understand 
the books generally used by them■ The 
summary of the reigns given in Part I. 
does not omit any important event and may 
therefore, be read with advantage even by 
advanced students. To make the book com¬ 
plete, the lives of eminent men are given ■ 
ancl to help students in their examinations, 
a list of battles with dates and results, 
and, a chronology of important events are 
included. 

T 7 ie Second Part is the most important- 
portion of the look and- it is necessary to 
say a few words about it. Events like the 
feudal System,’ the ‘Growth of Parliament 
and-the Rise of its Power in the Different 
lenods , the 1 Renascence,’ the ‘Leading 
features of each Period,’ and ‘ the History 
°:t English Literature’ are hardly under- 
s '00c by students u?iless they cove ftvoioevlif 
explained m a connected form, which is 


AALBADEVI ROAD. BOMBAY- 



N- M- TRIPATHt & Co-, 


13 


not done in a short and convenient form in 
any History used hy students. To supply 
this want is the main object of this boob. 
This booh, aims at putting the broad facts * 
of English History, the importance of 
which cannot be too highly spoken of—for 
■without an accurate knowledge of it no 
English book can be satisfactorily under¬ 
stood—in a clear form and in simple lan¬ 
guage, and at creating and encouraging 
a taste for history-reading among students. 

The Sixth Edition is carefully revised 
and the Second Part which is the nucleus 
of the work, is considerably enlarged. Lives 
of eminent statesmen have been fully sketch¬ 
ed and transferred from the section dealing 
with Lives into the Second Part. 

The History of English Literature is 
made fuller by quotations from the works 
of the greatest poets, Shakespeare, Milton , 
Pope, Gray, Wordsworth and Tennyson, 
with the object of creating and fostering in 
the students a love for the study of poetic 
literature which is at present neglected by 
students, but without which no language 
can be properly mastered. 
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Siudent s Manual op Indian History, Part i. 

” ” ” ’> » Part ii.. 

Price 10 Annas each.. 

Matriculation Manual op English History 
(Stuart Period), Price 6 Annas. 
Matriculation Manual op English Historf 

fGeorge land George II), Priced Annas. 

BY 

K.. N. CHANDABHOY B. A.-' 
adapted to the requirements of the Matri¬ 
culation and Entrance Examinations of 
Indian Universities and the'School 
Final Examination. 


Special features in tlie opinions of reviewers. 

(Favourably spoken' of by Professors, Examiners and’ 
Journalisfs and strongly recommended to and largely used' 
by Matriculation and School Final Candidates, Also used’ 
as Companion readersby college students,), 

“Concise and lucid”—“plain, and pointed”—“intere- 
/ttractive”-‘‘compact and well arranged”! 
?T1 to impress-the memory as well as to drain the 

Ybrevity, with accuracy and perspi- 
the st„7.ni o i “foment is- suggestive and awakens in 
fan tia,* £j? d ° f histone interest which other manuals. 

?stive reading.”° ndenSmS ^ re8nlt of ^ied.and exha- 
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